


ee iati May 1988 
 ublished by the American Medical Association Volume 123, Number 5 
dii: jg Sat t jii of v 


Sü rgery | 


PROGRAM OF THE NEW ENGLAND SURGICAL SOCIETY—1987 











The Many Faces of Surgery J. E. Murray ; 
Beyond Transplantation J. P. Vacanti íí 
Conservation of the Spleen With Distal Pancreatectomy A. L. Warshaw 
Ripstein Procedure P. L. Roberts, D. J. Schoetz, ur, J. A. Coller, M. C. Veidenheimer 

Safe Management of the Impossible Duodenum G. V Rodkey 
Surgical Treatment of Biliary Cystadenoma W. D. Lewis, R. L. Jenkins, R. L. Rossi, 


L. Munson, S. G. ReMine, B. Cady, J. W. Braasch, W. V McDermott 


Surgically Incurable Well-Differentiated Thyroid Carcinoma R. L. Rossi, B. Cady, 
M. L. Silverman, M. S. Wool, S. G. ReMine, M. B. Hodge, F. A. Salzman 


Predicting Hospital Charges for Trauma Care S. E. Pories, R. L. Gamelli, P. Vacek, 
F. Harris, D. Lea 


Primary Lung Cancer Surgery in Stage II and Stage III W. B. Neptune 
Treatment of Crohn's Colitis W. E. Longo, G. H. Ballantyne, C. E. Cahow ~“ 


Ultra-High- Frequency Jet Ventilation in a Bronchopleural Fistula Model 
R. Orlando lll, E. H. Gluck, M. Cohen, C. G. Mesologites 


Persistent Acute Pancreatitis P. L. Rutledge, A. L. Warshaw 


Use of Oxygen Radical Scavengers on Autografted Pig Kidneys After Warm 
Ischemia and 48-Hour Perfusion Preservation P. J. Bosco, R. T. Schweizer 


Effect of B-Adrenergic Blockade on the Growth Rate of Abdominal Aortic 
Aneurysms S. D. Leach, A. L. Toole, H. Stern, R. W. DeNatale, M. D. Tilson 


Renal Failure and Advanced Atherosclerotic Lesions J. R. Elmore, F. S. Ray, wd 
R. C. Dillihunt, W. E. Herbert 


Parathyroid Gland Exploration With Local Anesthesia in Elderly and High-Risk 

















Patients L. J. Pyrtek, M. Belkin, S. Bartus, R. Schweizer pt. 
Problems Associated With a Nissen Fundoplication Following ms | 
Tracheoesophageal Fistula and Esophageal Atresia Repair M. R. Curci, 
A. W. Dibbins 
Combined Kidney and Pancreas Transplantation in Diabetics A. B. Cosimi, -p 
H. Auchincloss, Jr, F. L. Delmonico, L. Fang, D. M. Nathan, N. Tolkoff-Rubin, R. H. Rubin, Sa 
H. C. Yang, P. S. Russell ET. : 
Advances in the Diagnosis and Treatment of Pheochromocytoma R. J. Havlik, 


C. E. Cahow, B. K. Kinder 


Pericardial Flap Prevents Sternal Wound Complications W.C. Nugent, E. L. Maislen, 
G. T. O'Connor, C. A. S. Marrin, S. K. Plume 


Complete Contents p 529 





Once for prophylaxis,- 
once-daily for cure. 


Just 1 gm, once each procedure, is the prophylactic 
dose- even if surgery* is delayed or prolonged. And 
just 1 gm, once a day, is the therapeutic dose for 
postsurgical infections (including respiratory tract or 
skin/skin structure infections due to Staphylococcus 
aureus, Klebsiella pneumoniae and Proteus mirabilis). 
Unlike any other cephalosporin, the ROCEPHIN * 
(ceftriaxone sodium/Roche) prophylactic dosage 


is the same as the daily theraputic dosage. ..easy 
and economical. 


Once-a-day ROCEPHIN: Mean to pathogens, lean 
on your budget, clean with patients. 


* In contaminated or potentially contaminated procedures (e.g., vaginal 
or abdominal hysterectomy), and for patients in whom infection at 
the operative site would present serious risk (eg., coronary artery bypass 
graft [CABG] surgery). 
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Once-a-day 





Rocephnmn.., 


ceftriaxone sodium/ Roche 


As with any cephalosporin, there exists the 
possibility of hypersensitivity reactions, especially 
in individuals with a history of sensitivity. 


Copyright © 1988 by Hoffmann-La Roche Inc. All rights reserved 


Please see adjacent page for summary of product information. 





VIM 
ceftriaxone sodium/Roche 


Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infec- 
tions when caused by susceptible organisms. 
LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Strepto- 
coccus species (excluding enterococci), Staph. aureus, H. influenzae, H. parainflu- 
enzae, Klebsiella species (including K. pneumoniae), E. coli, E. aerogenes. Proteus 
mirabilis and Serratia marcescens. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epider- 
midis, Streptococcus species (excluding enterococci), E. cloacae, Klebsiella species 
(including K. pneumoniae), Proteus mirabilis and Pseudomonas aeruginosa 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, 
Proteus mirabilis, Proteus vulgaris, M. morganii and Klebsiella species (including 
K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervicallurethral and rectal) caused by Neisseria 
gonorrhoeae, including both penicillinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae 
BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. in- 
fluenzae and K. pneumoniae. 
BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Strep- 
tococcus species (excluding enterococci), E. coli, P mirabilis, K. pneumoniae and 
Enterobacter species. 
INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 
MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Cef- 
triaxone has also been used successfully in a limited number of cases of meningitis and 
shunt infections caused by Staph. epidermidis and E. coli. 
SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may re- 
duce incidence of postoperative infections in patients undergoing surgical procedures 
classified as contaminated or potentially contaminated (e.g., vaginal or abdominal hys- 
terectomy) and in those for whom infection at the operative site presents serious risk 
(e.g., during coronary artery bypass surgery). 
Although ceftriaxone has been shown to have been as effective as cefazolin in the pre- 
vention of infection following coronary artery bypass surgery. no placebo-controlled trials 
have been conducted to evaluate any cephalosporin antibiotic in the prevention of infec- 
tion following coronary artery bypass surgery When administered before indicated sur- 
gical procedures, a single 1 gm dose provides protection from most infections due to 
susceptible organisms for duration of procedure. 
SUSCEPTIBILITY TESTING: Before instituting treatment with Rocephin. appropriate 
specimens should be obtained for isolation of the causative organism and for determi- 
nation of its susceptibility to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing 
CONTRAINDICATIONS: Rocephin is contraindicated in patients with known allergy to the 
cephalosporin class of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HY- 
PERSENSITIVITY REACTIONS TO CEPHALOSPORINS. PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- 
TIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE 
OF SUBCUTANEOUS EPINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients 
who develop diarrhea in association with antibiotic use 
Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile 
IS one primary cause of antibiotic-associated colitis. Cholestyramine and colestipol 
resins have been shown to bind to the toxin in vitro 
Mild cases of colitis respond to drug discontinuance alone. Moderate to severe cases 
should be managed with fluid, electrolyte and protein supplementation as indicated 
When the colitis is not relieved by drug discontinuance or when it is severe, oral vanco- 
mycin is the treatment of choice for antibiotic-associated pseudomembranous colitis pro- 
duced by C. difficile. Other causes of colitis should also be considered 
Rarely. shadows suggesting sludge have been detected by sonograms of the gallblad- 
der in asymptomatic and symptomatic patients. This appears to be reversible on discon- 
tinuation of therapy. In a few symptomatic patients receiving higher than usual doses, 
who underwent surgery, sludge containing traces of ceftriaxone was recovered from sur- 
gical specimens. Discontinue therapy in patients who develop signs or symptoms 
suggestive of gallbladder disease; consider conservative management 
PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine 
have been observed, at the recommended dosages. the nephrotoxic potential of 
Rocephin is similar to that of other cephalosporins 
Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pha rmacology) 
Therefore, patients with renal failure normally require no adjustment in dosage when usu- 
ai doses of Rocephin are administered. but concentrations of drug in the serum should 
be monitored periodically If evidence of accumulation exists, dosage should be de- 
creased accordingly 
Dosage adjustments should not be necessary in patients with hepatic dysfunction; how- 
ever, in patients with both hepatic dysfunction and significant renal disease, Rocephin 
dosage should not exceed 2 gm daily without close monitoring of serum concentrations 
Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. 
Patients with impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic 
Iria disease and malnutrition) may require monitoring of prothrombin time during Rocephin 
treatment. Vitamin K administration (10 mg weekly) may be necessary if the prothrombin 
time is prolonged before or during therapy 
Prolonged use of Rocephin may result in overgrowth of nonsusceptibie organisms. 
Careful observation of the patient is essential If superinfection occurs during therapy. 
$ appropriate measures should be taken. 
i Rocephin should be prescribed with caution in individuals with a history of gastrointes- 
j tinal disease, especially colitis. 
: CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: 
i Considering the maximum duration of treatment and the class of the compound, carcin- 
ogenicity studies with ceftriaxone in animals have not been performed. The maximum 
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agito dt. JI toxicity studies was six months. | 
Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a 52] 
test for chromosomal aberrations in human lymphocytes cultured ir vitro with ceftriaxone. 4 
Ceftriaxone showed no potential for mutagenic activity in these studies E 
Impairment of Fertility. Ceftriaxone produced no impairment of fertility when given intra- 
venously to rats at daily doses up to 586 mg/kg/day. approximately 20 times the recom- 





mended clinical dose of 2 gm/day. | 
PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have 4 
been performed in mice and rats at doses up to 20 times the usual human dose and have | 
no evidence of embryotoxicity, fetotoxicity or teratogenicity In primates, no embryotoxicity | 
or teratogenicity was demonstrated at a dose approximately three times the human dose. q 


There.are, however, no adequate and well-controlled studies in pregnant women. Be- 
Cause animal reproductive studies are not always predictive of human response. this 
drug should be used during pregnancy only if clearly needed. 

Nonteratogenic Effects: In rats, in the Segment I (fertility and general reproduction) and 


Segment Ill (perinatal and postnatal) studies with intravenously administered ceftriax- E 
one. no adverse effects were noted on various reproductive parameters during gestation a 
and lactation, including postnatal growth, functional behavior and reproductive ability of LÀ 


the offspring, at doses of 586 mg/kg/day or less. 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk 
Caution should be exercised when Rocephin is administered to a nursing woman 
PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates. infants and children 
have been established for the dosages described in the Dosage and Administration sec- 
tion. /n vitro studies have shown ceftriaxone. like some other cephalosporins. can 
displace bilirubin from serum albumin. Exercise caution before administration to hyper- 
bilirubinemic neonates, especially prematures 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following 
adverse reactions, which were considered to be related to Rocephin therapy or of uncer- 
tain etiology, were observed: 

LOCAL REACTIONS-— pain, induration or tenderness at the site o! injection (1%). Less 
frequently reported (less than 1%) was phlebitis after |. V administration 
HYPERSENSITIVITY— rash (1796) Less frequently reported (less than 1%) were pruritus, 
fever or c^ills. 

HEMATOLOGIC —eosinophilia (696), thrombocytosis (5.1%) and leukopenia (2196) Less 
frequently reported (less than 1%) were anemia, neutropenia. lymphopenia, thrombo- 
Cytopenia and prolongation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were 
nausea or vomiting. and dysgeusia 

HEPATIC —elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less 
than 1%) were elevations of alkaline phosphatase and bilirubin. 

RENAL —elevations of the BUN (1.296). Less frequently reported (less than 195) were 
elevations of creatinine and the presence of casts in the urine 

CENTRAL NERVOUS SYSTEM —headache or dizziness were reported occasionally 
(less than 1%) 

GENITOURINARY —moniliasis or vaginitis were reported occasionally (less than 1%) 
MISCELLANEOUS—diaphoresis and flushing were reported occasionally (less than 
1%) 

Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lympho- 
cylosis. monocytosis, basophilia. a decrease in the prothrombin time, jaundice, gallblad- 
der sludge. glycosuria, hematuria, anaphylaxis, bronchospasm, serum sickness, 
abdominal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramus- 
cularly The usual adult daily dose is 1 to 2 gm given once a day (er in equally divided 
doses twice a day) depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams 

For the treatment of serious miscellaneous infections in children, other than meningitis, 
the recommended total daily dose is 50 to 75 mg/kg (not to exceed 2 grams). given in 
divided doses every 12 hours 

Generally, Rocephin therapy should be continued for at least two days after the signs and 
symptoms of infection have disappeared, The usual duration is 4 tc 14 days: in compli- 
cated infections longer therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams). given 
in divided doses every 12 hours, should be administered with or without a loading dose 
of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose 
of 250 mg is recommended 

For preoperative use (surgical prophylaxis). a single dose of 1 gm administered 1/2 to 2 
hours before surgery is recommended à 

When treating infections caused by Streptococcus pyogenes, therapy should be contin- 
ued for at least ten days 

No dosage adjustment is necessary for patients with impairment of renal or hepatic func- 
lion; however, blood levels should be monitored in patients with severe renal impairment 
(e.g.. dialysis patients) and in patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline 
powder in glass vials and piggyback bottles. The following packages are available: 
Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of ceftriaxone: piggyback bot- 
tles containing 1 gm or 2 gm equivalent of ceftriaxone: bulk pharmacy containers con- 
taining 10 gm equivalent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic. sterile. nonpyrogenic solution of ceftriax- 
one sodium in 50 mL single dose plastic containers. f as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, 
USP added 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, 
USP added 

NOTE: Rocephin in the frozen state should not be stored above -20°C 

“Registered trademark of Abbott Laboratories. Inc. 

tManufactured for Roche Laboratories, Division of Hoffmann-La Roche Inc.. by Travenol 


Laboratones, Inc., Deerfield, Illinois 60015 i 
P.I. 0587 





Roche Laboratories 


8 division of Hoffmann-La Roche Inc. 


310 Kingsland Street 
Nutley, New Jersey 07110-1199 
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For Each Subscription You Will Receive... 





* TEN issues of OUTLOOK, a news- 
letter designed to keep you up to date in 
your specialty through literature reviews 
and expert clinical commentary, 
highlights of international meetings, 
and special reports on current therapy. 


¢ TWO hardcover volumes of PERSPECTIVES, which 
include topics of current clinical interest by interna- 
tionally recognized experts; illustrated step-by-step 
descriptions of current techniques; written consultations 
in an interactive format; documentary accounts of 
complications and their prevention; updates of 
preliminary reports; and much more! 


Save $20.00. Order today while introductory prices are in effect! 


For more information on the series of your choice, or to take advantage of our special introductory offers... 
call toll-free 800-423-6865 (in MO or outside U.S. call 314-878-7808). 
Yes! Enter my subscription to the QMP Clinical Series checked below. I understand this is a risk-free offer—if not 
satisfied, I may cancel and receive a prompt refund of the unused portion. Remit to: Quality Medical Publishing, Inc., 
2086 Craigshire Drive, St. Louis, MO 63146. 
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Chair & 
Surgeon-In-Chie 
Department 
Of Surgery 


The University of Rochester School of 
Medicine and Dentistry and the 
Rochester General Hospital are 
seeking candidates for an 
appointment as a member of the full- 
time faculty and Chair and Surgeon- 
In-Chief, Department of Surgery at 
Rochester General Hospital, a major 
teaching affiliate of the University in 
Rochester, NY. 


Rochester General Hospital is a 534- 
bed, acute care, full-service, not-for- 
profit teaching hospital on a 50-acre 
campus on Rochester's north side. It 
cares for one-quarter of all 
hospitalized patients in the region. 


The Hospital has a strong surgical 
department which is committed to 
growth in several areas. The Surgical 
Residency Program is fully integrated 
with the University of Rochester— 
Strong Memorial Hospital residencies. 


Applicants must have demonstrated 
abilities in administration, teaching, 
research, and patient care. Applicants 
must also provide academic 
leadership in general surgery. 


Board certification in surgery or sub- 
specialty is required. 


The successful applicant will have the 
opportunity for an active private 
practice. 


The total compensation package is 
attractive and competitive. 


Please forward correspondence/ 
curriculum vitae to: 


Seymour |. Schwartz, M.D. 
Chair, Department of Surgery 
University of Rochester 

601 Elmwood Avenue 
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hydrocodone bitartrate 5mg (Warning: May be habit forming), 
and acetaminophen 500mg. 


INDICATIONS AND USAGE: For the relief of moderate 
to moderately severe pain. 

CONTRAINDICATIONS: Hypersensitivity to acetamino- 
phen or hydrocodone. 

WARNINGS 

Drug Abuse and Dependence: VICODIN is subject fo 
the Federal Controlled Substances Act (Schedule III). 
Psychic dependence, physical dependence and 
tolerance may develop upon repeated administra- 
tion of narcotics; therefore, VICODIN should be pre- 
scribed and administered with the same caution 
appropriate to the use of other oral-narcotic- 
containing medications. 

Respiratory Depression: At high doses or in sensitive 
patients, hydrocodone may produce dose-related 
respiratory depression by acting directly on brain 
stem respiratory centers. Hydrocodone also affects 
centers that control respiratory rhythm, and may 
produce irregular and periodic breathing. 

Head Injury and Increased Intracranial Pressure: The 
respiratory depressant effects of narcotics and their 
capacity to elevate cerebrospinal fluid pressure may 
be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting in- 
crease in intracranial pressure. Furthermore, narcot- 
ics produce adverse reactions which may obscure 
the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of 
narcotics may obscure the diagnosis or clinical 
course of patients with acute abdominal conditions. 
PRECAUTIONS 

Special Risk Patients: VICODIN should be used with 
caution in elderly or debilitated patients and those 
with severe impairment of hepatic or renal function, 
hypothyroidism, Addison's disease, prostatic hyper- 
trophy or urethral stricture. 

information for Patients: VICODIN, like al! narcotics, 
may impair the mental and/or physical abilities re- 
quired for the performance of potentially hazardous 
tasks such as driving a cor or operating machinery; 
patients should be cautioned accordingly 

Cough Reflex: Hydrocodone suppresses the cough 
reflex; caution should be exercised when VICODIN is 
used postoperatively and in patients with pulmonary 
disease. 

Ve Interactions: The CNS-depressant effects of 
VICODIN may be additive with that of other CNS de- 
pressants. When combined therapy is contemplated, 
the dose of one or both agents should be reduced. 
The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the 
effect of either the antidepressant or hydrocodone. 
The concurrent use of anticholinergics with hydroco- 
done may produce paralytic ileus 

Usage in Pregnancy: Pregnancy Category C. Hydro- 
codone has been shown to be teratogenic in ham- 
sters when given in doses 700 times the human dose. 
There are no adequate and well-controlled studies 
in pregnant women. VICODIN should be used during 
pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nonteratogenic Effects: Babies born to mothers who 
have been taking opioids regularly prior to delivery 
will be physically dependent. The intensity of the syn- 
drome does not always correlate with the duration of 
maternal opioid use or dose 

Labor and Delivery: Administration of VICODIN to the 
mother shortly before delivery may result in some 
degree of respiratory depression in the newborn, 
especially if higher doses are used 

Nursing Mothers: It is not known whether this drug is 
excreted in human milk; therefore, a decision should 
be made whether to discontinue nursing or fo dis- 
continue the drug, taking into account the impor- 
tance of the drug to the mother 

Pediatric Use: Safety and effectiveness in children 
have not been established 

ADVERSE REACTIONS 

Central Nervous System: Sedation, drowsiness, 
mental clouding, lethargy, impairment of mental 
and physical performance, anxiety fear dysphoria, 
dizziness, psychic dependence, mood changes. 
Gastrointestinal System: Nausea and vomiting may 
occur; they are more frequent in ambulatory than in 
recumbent patients. Prolonged administration of 
VICODIN may produce constipation 














































Genitouri stem: Ureteral | f 
Rochester, NY 14642 Meri gine Pe and eV retention haue DOES 
(716) 275-2725 reported, 


Respiratory Depression: (See WARNINGS.) 

DOSAGE AND ADMINISTRATION: Dosage should be 
adjusted according to the severity of the pain and 
the response of the patient. However tolerance to 
hydrocodone can develop with continued use, and 
the incidence of untoword effects is dose related. 
The usual dose is one tablet every six hours as needed 
for pain. (If necessary this dose may be repeated at 
four-hour intervals) In cases of more severe pain, 
two tablets every six hours (up to eight tablets in 24 
hours) may be required. 

Revised January, 1987 MR 1987 5786 


Rochester 
General 
Hospital Reese NY eer 


The Specialists in Caring Knoll Pharmaceuticals 
A Unit of BASF K&F Corporation 


Whippany, New Jersey 07981 


An Equal Opportunity Employer M/F 9 
BASF Group knoll 








Freedo: 
rom pain. 


Just one part of 
, pain relief therapy. 


e Vicodin provides greater 
£5 patient acceptance 





COMPARATIVE PHARMACOLOGY OF THREE ANALGESICS 


RESPIRATORY. "PHYSICAL 
CONSTIPATION DEPRESSION SEDATION EMESIS DEPENDENCE 


HYDROCODONE 


CODEINE X 


OXYCODONE XX 


Blank space indicates that no such activity has been reported 


lable adapted from Facts and Comparisons (Nov) 1984 and Catalano RB. The 
medical approach to management of pain caused by cancer “Semin Oncol" 1975; 
2, 379-92 and Reuler JB, et. al. The chronic pain syndrome: misconceptions and 
management "Ann Intern Med" 1980, 93; 588-96 


@ Vicodin offers: less nausea, less sedation, less 
constipation. 


...and longer lasting pain relief— 
up to 6 hours. 
¢ Vicodin containshydrocodonenotcodeine. [0 


one study, 10 mg. of hydrocodone alone was 
shown to be as effective as 60 mg. of codeine. 


¢ In a double-blind study, Vicodin (2 tablets), 
provided longer lasting pain relief than 60 mg. 
of codeine? 


Plus... 
¢ Vicodin offers the convenience of CIII 
prescribing. 


$ Do flexibility—1 tablet every 6 hours or 
2 tablets every 6 hours (up to 8 tablets in 24 
hours). 


\ 


1. Hopkinson JH III: Curr Ther Res 24: 503-516, 1978 
2. Beaver, WT Arch Intern Med, 141:293-300, 1981 


hydrocodone bitartrate 5 mg. (Warning: May be habit 
forming) with acetaminophen 500 mg. 


The original hydrocodone analgesi 
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authors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned 
hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work 


. is published by the AMA.” 


Financial Interest.— List all affiliations with or finan- 
cial involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 
be held in confidence during the review process. Should 


the manuscript be accepted, the Editor will discuss with 


the author the extent of disclosure appropriate for publi- 
cation. 

References.— References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
betically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. References 
to journal articles should include (1) authors, (2) title, (3) 


. journal name as abbreviated in Index Medicus, (4) year, 
_ (5) volume number, and (6) inclusive page numbers—in 
. . that order. References to books should include (1) authors, 
_ (2) chapter title, if any, (3) editor, if any, (4) title of book, 


(5) year, (6) city, and (7) publisher. Volume and edition 
numbers, specific pages, and name of translator should be 
ineluded when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. 

Author Responsibility —One author must be desig- 


. nated corresponding author, with his or her address and 
- telephone number provided. All correspondence and copy 


editing are sent to this author. The corresponding author 
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will receive an edited typescript rather than galley proofs 
for approval. The authors are responsible for all statements 
in their work, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.—The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaces, and is limited to two lines. The title page 
should include the full names and academic affiliations of 
all authors. If the manuscript was presented at a meeting, 
indieate the name of the organization, the place, and the 
date on which it was read. 

Metrication (and SI Units).—Use Systéme Interna- 
tional (SI) measurements throughout the manuscript. Pro- 
vide metric equivalents for all SI units; they will be noted 
parenthetically in the published text in accordance with 
AMA policy. 

Illustrations.—Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Illustrations should prefera- 
bly be in a proportion of 5x7 in. Color illustrations are 
accepted for publication if the editors believe that color 
will add significantly to the published manuscript. The 
ARCHIVES will pay only part of the expense of color 
reproduction and printing color illustrations. The author's 
share of the expense is $400 for up to six square finished 
illustratons that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (35-mm 
preferred) must be submitted for an evaluation. Do not 


CHECKLIST FOR AUTHORS 


Send: 

€ Three copies of manuscript. 

€ Three copies of synopsis-abstract. 

€ Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as de- 
scribed in the instructions. 

è A copyright release statement signed by all au- 


thors. 
€ The address and telephone number of the desig- 
nated corresponding author. 
e Send to Arthur E. Baue, MD 
Archives of Surgery 
St Mary's Health Center 
6420 Clayton Rd 
St Louis, MO 63117 
€ Use sufficient postage. 
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IMAXIN is contraindicated in patients who have shown hypersensitivity to any 
ponent of this product. Before initiating therapy with PRIMAXIN, careful inquiry 
ld be made concerning previous hypersensitivity reactions to penicillins, 
rins, other beta-lactams, and other allergens. If an allergic reaction to 
IN occurs, discontinue the drug. Serious hypersensitivity reactions may require 






ephrine and other emergency measures. 
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(Imipenem-Cilastatin Sodium|MSD) 


Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
PRIMAXIN; CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS. 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO 'PRIMAXIN' OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
Severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 
cin, as indicated. Isolation of the patient may be advisable. Other causes of colitis should also 
be considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of «5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors. myoclonus, or 
Seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
Sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However. PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the nighest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 

Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 





or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology Studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 71 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—lt is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use— Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple spine diseases and physio- 
logical impairments, making it difficult to determine causal re ationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.496), vein induration 
(0.296), infused vein infection (0.196). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.896), vomiting (1.5%), rash (0.9%), fever (0.596), hypotension (0.496), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal — 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation; CNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Who/e—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported during clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT alkaline phosphatase, bilirubin, and LDH: Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils; E/ectrolytes— decreased serum sodium, increased potas- 
Sium, increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
and single-dose ADD-Vantage"* vials containing imipenem anhydrous and cilastatin sodium 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is'not for direct infusion. M S D 
For more detailed information, consult your MSD Representative or see MERGE 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc., RHA NF 


as follows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
"Registered trademark of Abbott Laboratories, Inc. 
West Point, PA 19486 J7PR26 (407) 


“when indicated organisms are suspected at indicated sites 
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Tables.—Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 82X 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance.—Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted man- 
uscripts become the permanent property of the ARCHIVES 
and may not be published elsewhere without permission 
from the publisher (AMA). 


gy OTHER INFORMATION 


Brief Clinical Notes.—The ArcHivEs welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications.— The 
Editor is pleased to receive letters that pertain to material 
published in the ARCHIVES as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communica- 
tion. Such contributions should be 250 words or less, 
typewritten, double-spaced without an abstract, and 
clearly marked “for publication.” No more than two refer- 


ences are permitted and illustrations or tables are deep 
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Acknowledgments.—Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher's 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review.— Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent.— Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Reference to Patients.—Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.—4A letter of consent must 
accompany all photographs of patients in which a possibility 
of identification exists. It is not sufficient to simply cover 
the eyes to mask identity. 

AMA Manual for Authors & Editors.—This 1981 edi- 
tion, formerly the Stylebook/Editorial Manual of the 
AMA, is available from Prentice Hall, Inc, 200 Old Tappan 
Rd, Old Tappan, NJ 07675. Single copy price: $15. A 
shipping charge is added on all orders. If additional 
ordering information is needed, telephone 1-800-223-1360. 


INDEX TO ADVERTISERS 


Braintree Laboratories, Inc. .............. eere 


Charter Medical Corporation 
Dreyfus Medical Foundation 


EE LIS asa duit ddan oe BS Fees ex id ow ae ee nee oe 


Glaxo/Roche 


Kaiser Permanente 
Knoll Pharmaceuticals 


Merck Sharp & Dohme, Division of 


Norck-£ Company ne. 1. uou aa ss ren wile dae 
Nn" Iubes Hec Salt aereis er EBENE slags aude dees 


Parke-Davis 


Quality Medical Publishing, Inc. ....................... 


Roche Laboratories, Division of 


Hatfmann-La Roche; Inc. ............. eee eere 


Rochester Hospital 


Roerig, A Division of Pfizer, Inc. ...................... 


SmithKline Beckman Corporation 
Southern Illinois University 
Stuart Pharmaceuticals 


World Medical Supply (USA) Inc. ..................... 


EE E m A E tos TREE NUR 531 


UTE copa ote eeutoce o go o 576-578, 594-596 


eue o a 4 xis s AO DR PERSE RIEN 2 o s 538-540, 631-634 
OAE H AAE aca: d sro iF Sa GR E ON bana v-« tie a QR 654-655 


SEW deae qévba esr AGT SUMA ORGANS es dics n 7277 E 026 


eve vitsa da ceded Ml vedo LL. AME Sed Cover 2-525 
eR TE PERO WEE Piles Te eae tome RN GT ce 604A-D, 605 


p EM er SEO Pr 542 


While every precaution is taken to ensure accuracy, we cannot guarantee against the possibility of an occasional 
change or omission in the preparation of this index. 





537 








Tagamet 
rand ™=™ cimetidine 


= First to Heal. 





Effective control of gastric pH with up to 
q8h dosing. 


Used safely in more hospitalized patients than 
any other H, antagonist. 


Unmatched dosage flexibility for convenience, 

timesavings, economy and the ability to meet 

specific patient needs. Compatibility with TPN 
and IV solutions offers even greater value. 


Before prescribing, please see brief summary of prescribing 
information at the end of this advertisement. 


SIKGF LAB CO. Cidra, PR. 00639 © SK&F Lab Co., 1988 
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See complete prescribing information in SK&F LAB CO. 
literature or PDR. The following is a brief summary. 


Contraindications: There are no known contraindications to 
the use of ‘Tagamet’. 

Precautions: While a weak antiandrogenic effect has been dem- 
onstrated in animals, ‘Tagamet’ has been shown to have no effect 
on spermatogenesis, sperm count, motility, morphology or in vitro 
fertilizing capacity in humans. 

In a 24-month toxicity study in rats at dose levels approximately 9 
to 56 times the recommended human dose, benign Leydig cell 
tumors were seen. These were common in both the treated and 
control groups, and the incidence became significantly higher only 
in the aged rats receiving ‘Tagamet’. 


Rare instances of cardiac arrhythmias and hypotension have been 
reported following the rapid administration of ‘Tagamet’ HCI 
[brand of cimetidine hydrochloride) Injection by intravenous bolus. 


Symptomatic response to ‘Tagamet’ therapy does not preclude the 
presence of a gastric malignancy. There have been rare reports of 
transient healing of gastric ulcers despite subsequently docu- 
mented malignancy. 


Reversible confusional states have been reported on occasion, 
predominantly in severely ill patients. 


‘Tagamet’ has been reported to reduce the hepatic metabolism of 
warfarin-type anticoagulants, phenytoin, propranolol, chlordiaz- 
epoxide, diazepam, lidocaine, theophylline and metronidazole. 
Clinically significant effects have been reported with the warfarin 
anticoagulants; therefore, close monitoring of prothrombin time is 
recommended, and adjustment of the anticoagulant dose may be 
necessary when ‘Tagamet’ is administered concomitantly. Interac- 
tion with phenytoin, lidocaine and theophylline has also been 
reported to produce adverse clinical effects. 


However, a crossover study in healthy subjects receiving either 
‘Tagamet’ 300 mg. q.i.d. or 800 mg. h.s. concomitantly with a 300 
mg. b.i.d. dosage of theophylline (Theo-Dur*, Key Pharmaceuti- 
cals, Inc.) demonstrated less alteration in steady-state theophylline 
peak serum levels with the 800 mg. h.s. regimen, particularly in 
subjects aged 54 years and older. Data beyond ten days are not 
available. (Note: All patients receiving theophylline should be 
monitored appropriately, regardless of concomitant drug therapy.) 


Lack of experience to date precludes recommending ‘Tagamet’ for 
use in pregnant patients, women of childbearing potential, nurs- 
ing mothers or children under 16 unless anticipated benefits out- 
weigh potential risks; generally, nursing should not be undertaken 
in patients taking the drug since cimetidine is secreted in human 
milk, 

Adverse Reactions: Diarrhea, dizziness, somnolence, headache, 
rash. Reversible arthralgia, myalgia and exacerbation of joint 
symptoms in patients with preexisting arthritis have been re- 
ported. Reversible confusional states (e.g., mental confusion, agita- 
tion, psychosis, depression, anxiety, hallucinations, disorientation), 
predominantly in severely ill patients, have been reported. Gyne- 
comastia and reversible impotence in patients with pathological 
hypersecretory disorders receiving ‘Tagamet’, particularly in high 
doses, for at least 12 months, have been reported. Reversible alo- 
pecia has been reported very rarely. Decreased white blood cell 
counts in ‘Tagamet’-treated patients (approximately 1 per 100,000 
patients), including agranulocytosis (approximately 3 per million 
patients), have been reported, including a few reports of recur- 
rence on rechallenge. Most of these reports were in patients who 
had serious concomitant illnesses and received drugs and/or treat- 
ment known to produce neutropenia. Thrombocytopenia [approxi- 
mately 3 per million patients) and a few cases of aplastic anemia 
have also been reported. increased serum transaminase and creati- 
nine, as well as rare cases of fever, interstitial nephritis, urinary re- 
tention, pancreatitis and allergic reactions, including hypersensitiv- 
ity vasculitis, have been reported. Reversible adverse hepatic 
effects, cholestatic or mixed cholestatic-hepatoceilular in nature, 
have been reported rarely. Because of the predominance of chole- 
Static features, severe parenchymal injury is considered highly 
unlikely. A single case of biopsy-proven periportal hepatic fibrosis 
in a patient receiving ‘Tagamet’ has been reported. 


How Supplied: Tablets: 200 mg. tablets in bottles of 100; 300 
mg. tablets in bottles of 100 and Single Unit Packages of 100 fin- 
tended for institutional use only); 400 mg. tablets in bottles of 60 
and Single Unit Packages of 100 [intended for institutional use 
only}, and 800 mg. Tiltab* tablets in bottles of 30 and Single Unit 
Packages of 100 (intended for institutional use only]. 


Liquid: 300 mg./5 ml., in 8 fl. oz. (237 ml.) amber glass bottles and 
in single-dose units (300 mg./5 ml.], in packages of 10 [intended for 
institutional use only). 

Injection: 

Vials: 300 mg./2 mi. in single-dose vials, in packages of 10 and 30, 
and in 8 mi. multiple-dose vials, in packages of 10 and 25. 
Prefilled Syringes: 300 mg./2 ml. in single-dose prefilled dispos- 
able syringes. 

Plastic Containers: 300 mg. in 50 ml. of 0.996 Sodium Chloride 
in single-dose plastic containers, in packages of 4 units. No preserv- 
ative has been added. 

ADD-Vantage^* Vials: 300 mg./2 mi. in single-dose ADD-Van- 
tage? Vials, in packages of 25. 

Exposure of the premixed product to excessive heat should be 
avoided. It is recommended the product be stored at controlled 
room temperature. Brief exposure up to 40°C does not adversely 
affect the premixed product. 


‘Tagamet’ HCI (brand of cimetidine hydrochloride] Injection pre- 


Board eligible/certified General Surgeons 
we offer you the freedom to focus on quality care. 
We are the Southern California Permanente 
Medical Group. an HMO multispecialty group prac- 
tice partnership comprised of and managed by 
SCPMG physicians. University affiliation and clinical 


research are also encouraged. 

Our salaries are competitive and the benefits are 
outstanding. They include: professional liability, 
medical and dental coverage, vacation and sick leave. 
continuing education, life insurance and retirement 
plans. After two years full-time employment, physi- 
cians are eligible to be considered for partnership. 

For a physician application, please call 
(818) 405-3224 or write to: Physician Recruitment, 
Dept. 71E8, Walnut Center, Pasadena, 

CA 91188-8854. 


Equal Opportunity Employer M/F/H 
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ASSISTANT/ASSOCIATE PROFESSOR 
SIU School of Medicine 


Southern Illinois University School of Medicine has 
an opening for a full-time academic position in the 
Department of Surgery at the assistant/associate 
professor level. The ideal candidate will be Board- 
certified or Board-eligible in a surgical specialty and 
will have experience in the clinical and research 
applications of hyperbaric medicine. Prior teaching 
and research experience are desirable. 


The Department of Surgery and Memorial Medical 
Center, a 600-bed integrated hospital, have an active 
clinical and research program in hyperbaric medi- 
cine, now entering its second year. The qualified 
individual will assume the medical directorship and 
administrative leadership for this program. 


Interested individuals should contact: 


Horst Konrad, M.D. 
Acting Medical Director 
Hyperbaric Medicine Unit 
Department of Surgery 
Southern Illinois University 
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ABOUT SURGICAL GLOVES 


All surgical gloves are sterile. That's a fact. 
But, the truth is that most gloves must be 
“scrubbed” or wiped thoroughly before 
surgery. The reasons? Actually, there is only 
one reason. Powder. 

Whether used on the inside or outside 
surface, talc, starch, silica or other powders 
are linked to a variety of complications: 
granulomatous reactions, peritonitis, adhe- 
sions and increased incidence of infection in 
the patient and dermatitis for the physician 
and nurse. Powders also contaminate OR 
equipment, sutures, microscope lenses and 
test procedures. 


The only way to eliminate powder- 
related problems is to eliminate powder. 
While some powders are the residue of the 
manufacturing process, most gloves require 
powder as a donning lubricant. And, powders 
can leak from the interior through perfora- 
tions and tears, can 
spill from the cuff or 
escape during a 





less of how powder 
gets on the glove, 
before surgery it 
must be removed. 





SEM (1000X) of surface of com- 
mercially available glove show- 
ing cornstarch particles and a 
surface perforation 
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glove change. Regard- 


Methods used to remove powder can 
actually introduce new particulates or 
may compromise sterility. And, routine 
glove scrub methods can leave residual 
powder clinging to the glove surface. 





Before scrub: SEM (1000X) of 
surface of commercially avail- 
able glove employing 
cornstarch 


After scrub: SEM (1000X) of 
saine brand glove following 
30-40 second warm water 
Scrub followed by wipe with a 
lint-free towel. SEM shows 
residual cornstarch particles 
on the surface 


So, considering the potential risks, why use 
powder at all? 


Now there is PRISTINE;" the powder-free 
surgical glove. With a patented, friction-resis- 
tant inner surface, donning is smooth and 
simple. And, with no powders, talcs, starches, 
silicas or donning lubricants of any kind, using 
PRISTINE means no glove scrub, powder 
dermatitis or powder-related post-op 
complications, 

PRISTINE's pure latex construction is durable 
yet thin enough to give you the tactile 


sensitivity you need 
for handling the most 
delicate instruments. 
And, the texturized 
exterior ensures 
maximum control. 


Surface of a PRISTINE powder- 


s As. free surgical glove. SEM (1000X) 
90, for d f ree shows no foreign body or particu- 
sample of PRISTINE fate contamination 


gloves, mail the coupon below. To order and 
for more information, contact World Medical 
Supply, (800) 545-5475, in CA (800) 547-3366. 

Try PRISTINE and discover the glove that is 
missing only one thing — powder. 


PRISTINE: The Surgeon’s Glove. 


Yes. I would like to try PRISTINE gloves. 


Please send meafreesamplepairinsize — — = -~ 





Name 





Address 














City b State Zip 





Phone ; 


World Medical Supply (USA), Inc. 
4340 Stevens Creek Boulevard, Suite 110 
San Jose, California 95129 (408) 985-8822 
(800) 545-5475, in CA (800) 547-3366 
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The Many Faces of Surgery 


Presidential Address 
Joseph E. Murray, MD 


A a plastic surgeon addressing a predominantly general 
surgical audience, I have selected a topic that I hope 
will be of interest and will add to an understanding of some 
biological and psychological problems dealt with by plastic 
surgeons. 

One hears a great deal about fragmentation among the 
specialties, especially in areas of the head and neck and of 
the extremities. However, instead of wasting words deplor- 
ing interdisciplinary jurisdictional disputes, I will note 
optimistically that at least in one activity, namely, craniofa- 
cial surgery, several specialties can cooperate in an enter- 
prise leading to a product far greater than the sum of its 
parts. 

Craniofacial surgery, as the name implies, deals simul- 
taneously with the cranium and the face. The originator of 
this specialty, Paul Tessier of Paris, dominates the field 
just as Harvy Cushing did when neurosurgery was in its 
infancy. Tessier, a plastic surgeon, concentrated in his early 
years on traumatic problems around the orbits. At that 
time the area between the nose and skull was a surgical 


. “no man’s land.” Tessier set out to breech this anatomic 
- barrier, and after persistent efforts he succeeded. 


He developed a technique to dissect the facial and orbital 
soft-tissue contents from their respective bones and to 
expose simultaneously the brain in the anterior and middle 
cranial fossae. Thus, practically any cranial or facial defor- 
mity was potentially correctable. The worldwide accep- 
tance of his principles has led to renewed vitality in the 
fields of genetics and embryology, analogous to the stimulus 
that successful organ transplantation three decades ago 
gave to immunology. 

Today a craniofacial unit is composed of a plastic surgeon, 
orthodontist, oral surgeon, neurosurgeon, ophthalmolo- 
gist, otolaryngologist, psychiatrist, psychologist, geneti- 
cist, speech-and-hearing specialists, prosthodontists, and 
specialty nurses. Social workers and a clinic coordinator 
round out the group. Because many congenital facial 
deformities have associated hand problems, an assigned 
hand surgeon is required. Assigned radiologists and anes- 
thetists are also highly desirable. There is tremendous 
satisfaction in productive team play; interdisciplinary an- 
tagonisms melt away under the warmth of patient and 
family appreciation. 

The faces of other specialties have also changed as a 
result of surgical progress. One example is orthopedics, in 
which joint replacement has produced an almost unrecog- 
nizable new image for that specialty. Another example is 
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surgical oncology, which is consciously creating a new 
image or face for those surgeons seeking to ally themselves 
clinically and experimentally with radiologists and medical 
oncologists. 

But let us shift from discussing “faces,” as applied to 
surgical specialties, to the more usual meaning of the word, 
ie, the facial appearance. The human face, constituting 
only 3% of the total body surface, is nonetheless a persons 
show window to the world. We are judged by our face— 
happy or sad, worried, complacent, self-satisfied, kind, 
venal. The traditional theatrical masks of tragedy and 
comedy reflect this role. Note some common jargon: *Let's 
face the music"; *Face the world with a smile"; ^A wall is 
defaced with graffiti" Will Mayo has stated the role of the 
face more spiritually: *It is the divine right of Man to look 
human." 

Psychiatrists define our projection of self in the world 
as body image. This illusive amorphous concept may be 
difficult to conceptualize. It does not reflect a single bodily 
feature or a combination of many. It is not a composite tin- 
type photograph of self carried in a billfold. On the contrary, 
one’s body image is a deep, innate part of his or her con- 
sciousness and may be considered to have been built on four 
separate components: innate cognitive ability, sensory in- 
put, self-comparison with others, and reactions from others. 

Considering these four factors, put yourself in the place 
of a child born with an obvious facial deformity, eg, with 
widely separated prominent eyes, an asymmetrically 
shaped head, retruded midface, abnormal dental function, 
and deformed hands. Regardless of the status of the first 
factor, your innate cognitive ability—your IQ, so to speak— 
a predictable train of events would follow. You would have 
a deficiency of the second factor, sensory input. Your body 
image would develop with a deprived sensory input from 
your eyes, ears, mouth, and hands. Vision and hearing may 
be distorted and oral and tactile stimuli inadequate. 

To appreciate how sensory deprivation may affect the 
abnormal child, observe any normal child. Note the alert 
response to the slightest light or sound, how everything 
goes into the mouth for testing, and how the hands 
incessantly explore the surrounding world. In addition, 
unidirectional study observations of parents with deformed 
children reveal less fondling, holding, and hugging of the 
child compared with parents with normal children. 

Now let us add the third element in body image devel- 
opment, the child's self-comparison with others. As he or 
she grows and develops, differences in appearance and 
skills are noted and inner worries appear, possibly with 
feelings of anger, guilt, or inadequacy. Finally, as the child 
continues on life's path, the fourth factor, the reactions of 
others, may become more and more damaging. It is sorrow- 
fully common that some of our patients develop the habit 
of hiding their faces behind scarfs or turned up collars 
when the automobile in which they are riding stops at a 
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traffic light. They simply cannot tolerate being stared at. 

The child born normal is immediately accepted and cared 
for with unadulterated pleasure. The pathways of normal 
growth constantly expand as knowledge, skills, and oppor- 
tunities increase. The birth of a deformed child is always 
disappointing to some degree, although of course not 
necessarily devastating. Coping and adjustment mecha- 
nisms by parents and family always are brought into play. 
Sometimes these involve anger, guilt, denial, or possibly 
blame: “Your uncle (or aunt or cousin) always did look a 
little bit peculiar.” In contrast to the expanding pathway 
of development for the normal child, the deformed child’s 
life may, unless counteracted, proceed from a protected 
home environment into reclusion as an adult. 

When the deformity is caused by trauma or tumor, the 
patterns of development and coping are different. The child 
born normal and then deformed may be unable to adjust. 
Lacking understanding support at home or in society, the 
child may enter and follow the more constricted life pattern 
of the congenitally deformed. By being aware of these 
individual and familial patterns of development and coping, 
the craniofacial surgeon can plan the type and timing of 
surgical intervention more effectively. 

Of course, all patients and families do not respond the 
same. Craniofacial surgeons have learned not to anticipate 
standard reactions to corrective operations. Occasionally a 
family or patient may be unhappy with a good surgical 
result. But in general surgeons judge their results more 
critically than do psychiatrists or patients. In a series of 
over 100 patients, patient satisfaction was greater than 
90%, psychiatrist satisfaction was 80%, and surgeon sat- 
isfaction was only 60%. 

When planning treatment the surgeon must consider 
primarily the indications and techniques of the corrective 
surgery. But there may be hidden hazards that can affect 
the final result. One such instance concerned a 14-year-old 
girl with a diagnosis of hemifacial microsomia. She had a 
severe dental malocclusion with gross asymmetry to the 
mandible, chin, cheek, and nose. In one operation, facial 
symmetry and dental occlusion were restored along with a 
striking improvement in her entire appearance. 

But immediately postoperatively her family was dis- 
tressed and begged that the operation be “undone.” In 
reviewing my preoperative studies I realized that the 
parents had not been sufficiently prepared. Since birth the 
patient had been seen in over a dozen clinics around the 
country, including our own some seven years previously. 
At that time, we gave our opinion and we did not hear from 


_ them in the interim. When she reappeared at age 14 years, 
= we had developed better operations for her condition. 


Possibly with too much enthusiasm, I described and dem- 
onstrated what could be done. When I finished she burst 
into tears, overwhelmed by the prospects of undergoing 
such an operation. 

She and her family later decided to go through with the 
operation, but they requested that they not be required to 
consult with our psychiatrist and other members of our 
support team. Considering how many clinics and physicians 
the patient had visited over the years, I acquiesced to their 
request. This was misguided kindness on my part. Neither 
the family nor the patient was really pleased with the 
magnificent surgical result until many months had passed. 
They simply had been inadequately prepared. 

Another patient operated on in the early 1970s stands 
out in my memory, not because of inadequate preparation 
but because of an unexpected postoperative psychological 
reaction. The patient was a high school lad with craniofacial 
dysostosis, severe exophthalmos with bony orbits so shal- 
low that he frequently dislocated his eyes on slight trauma. 
In addition, he had a “dishpan” retruded face and severe 
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corrected, and he and his family were extremely pleased. 

Within a few months the boy, who had previously been a 
model son, moved out of his parents home and began to 
misbehave quite badly. I thought that somehow I had 
destroyed the balance and stability to his life. I was 
distraught. But our psychiatrist advised me not to worry. 
He suggested that this behavior was normal and that our 
patient was cramming all the usual adolescent hell-raising 
he had missed into a few months. His analysis proved 
correct. The boy finished college and he is now married 
and has a stable job. 

The ultimate aim of corrective surgery is to allow the 
patient to lead as normal a life as possible. We correct the 
deformity; we unlock all possible restrictions to normal 
growth to achieve our goal, ie, to mainstream the patient. 
Tagliacozzi, the father of plastic surgery who described 
the pedicle method of rhinoplasty in the 15th century, was 
well aware of these priorities. He wrote: “We restore, 
repair, and make whole those parts which nature has given 
but fortune has taken away, not so much that they delight 
the eye, but that they buoy our spirit and help the mind of 
the afflicted.” Some say it this way: “A plastic surgeon is a 
psychiatrist with a scalpel.” 

Finally, I will discuss other faces in surgery, not of 
patients, but of teachers and benefactors. 

A few summers ago, while on a camping trip in northern 
Vermont just across the Connecticut River, my wife and I 
visited the boyhood home of Peter Bent Brigham. I thought 
about young Peter Brigham growing up amid the beautiful 
fields and mountains around Jeffersonville; how he went to 
Boston and left a legacy to build a hospital that is now 
known worldwide and has nourished and cared for thou- 
sands of physicians and patients, respectively. 

I think of the faces of Alan Steinert and Stan Deland, 
who literally gave the last years of their lives so that the 
Brigham and Women’s Hospital could become a reality. 

I recall the faces of all my Chiefs of Surgery: 

Elliot Cutler, who was concerned about me when I was 
forced to remain in the Army Medical Corps extra time to 
help care for the residual work load at Valley Forge General 
Hospital. Although dying of cancer at the time, he promised 
me a slot at the Brigham and Women’s whenever I got out. 

Franny Moore is my Chief of Chiefs (under whom I 
worked for his entire tenure) The world knows of his 
extraordinary surgical and scientific contributions, but 
only those of us fortunate to have worked closely with him 
know of his other qualities, such as his sense of rigid 
fairness, utter honesty, generosity, and self-sacrifice. 

John Mannick, my current Chief, has built further on 
the Brigham surgical tradition and has developed a solid, 
balanced, productive service, of which I am honored to be 
part. 

At the Children’s Hospital in Boston, Robert E. Gross 
consistently supported my innovative efforts. Always co- 
operative and friendly, he, along with Dr Moore, allowed 
me to establish a plastic surgery residency program in the 
mid-1960s, the first in Boston and all of Massachusetts. 

Judah Folkman followed Dr Gross. We have had a stim- 
ulating relationship and often stop by each other's office to 
discuss biological, educational, and medical problems. The 
current chiefs at the Children’s Hospital, Aldo Castañeda 
and Hardy Hendren, are a pure joy to work under, each 
ready to help and smooth the way whenever needed. 

My final thoughts reflect on the most special faces of all: 
Brad Cannon, whom I first met in the Army and who has 
been ever since a combination father, brother, associate, 
friend, and model for my entire family and professional 
life. And the most cherished face of all belongs to my wife, 
Bobby. 
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Third Annual Samuel Jason Mixter Lecture 


Joseph P. Vacanti, MD 


t is an honor for me to present the Third Annual Samuel 
Jason Mixter Lecture before this distinguished audi- 
ence. The subject of this report is the field of transplan- 
tation in its broadest definition: what has been achieved, 
and what may lie ahead. It is appropriate that this summary 


' be presented in this forum, since many of the creative 


insights and innovations have come from New England 
surgeons. I will focus on a few of these contributions, but 
this in no way is intended to diminish the impact of the 
efforts of many others, both here in New England as well 
as in other centers in the United States and abroad. 

In simple terms, surgeons treat patients by taking things 
out, putting things in, or moving things around. Organ 
transplantation is an extreme form of reconstructive sur- 
gery, and involves replacing lost function by putting some- 
thing in. After years of careful experimental work, first in 
the laboratory and then in the clinical setting, surgeons 
and physicians at the Peter Bent Brigham Hospital, Bos- 
ton, were poised to undertake organ transplantation in the 
mid-1950s. Joseph Murray, MD (Fig 1), your eurrent pres- 
ident, headed the team that performed the first successful 
organ transplant in 1954.' It was a kidney, transplanted 
from an identical twin into his severely ill brother. The 
immunologic barrier of placing tissue from one nongeneti- 
cally identical individual into another was overcome again 
at the Peter Bent Brigham Hospital under Dr Murray's 
direction in the early 1960s. These sentinel achievements 
marked a new era in medicine and surgery, as well as 
created new fields of scientific investigation such as trans- 
plantation biology and immunology. One of the very impor- 
tant lessons to learn from these events is that they were 
not isolated occurrences of good fortune, but rather the 
culmination of years of thoughtful research in the labora- 
tory and an approach to treatment of patients in a new way 
because of dissatisfaction with current methods. 

Renal transplantation and bone marrow transplantation 
evolved rapidly over the next 25 years, but the transplan- 
tation of other organs remained largely experimental until 
the late 1970s. With the advent of better immunosuppres- 
sion, standardized surgical and anesthetic techniques, and 
the ability to monitor and control rejection, extrarenal 
organ transplantation underwent explosive growth. At the 
end of 1986, there were almost 100 heart transplantation 
centers, 41 liver transplantation centers, and 27 pancreatic 
transplant centers. Cumulatively, over 2000 liver trans- 
plants, over 3000 heart transplants, and almost 500 pancre- 
as transplants had been performed by the end of 1986 in 
the United States (Fig 2) The Boston Center for Liver 
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Fig 1.—Joseph E. Murray, MD, Peter Bent Brigham Hospital, 
Boston, surgeon who performed world's first successful organ 
transplant in 1954, that of a kidney into an identical twin. 
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Fig 2.—Cumulative number of extrarenal transplants performed in 
United States by December 1986. 
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Transplantation was created in January 1984 and was the 
sixth center to offer liver transplantation; now, as I men- 
tioned, there are over 40 such centers.” 

These achievements are truly remarkable, and the life 
that is returned to patients at times seems miraculous. 
However, the practice of transplantation is not without 
problems. I would like to share with you the experience of 
pediatric liver transplantation as we currently must prac- 
tice it in the Boston area. The patient shown in F ig 3 was 
cared for by our program in 1986. This photograph was 





Fig 3.—Infant with marked cirrhosis from biliary atresia, leading to 
portal hypertension, malnutrition, gastrointestinal tract bleeding, 
and sepsis. 





obtained while we continued to treat him as an outpatient. 
We make every effort to avoid hospitalization to prevent 
colonization by hospital-acquired resistant organisms and 
to keep the children with their families. We had been 
searching nationally for an appropriate donor organ for 
several months as the patient’s condition progressively 
deteriorated. His course was complicated by marked mal- 
nutrition, portal hypertension, episodes of gastrointestinal 
tract bleeding, and systemic sepsis. Five days after trans- 
plantation, he died of overwhelming sepsis from a hospital- 
acquired organism. His condition was a direct result of the 
critical donor organ shortage among small children. Be- 
tween 12% and 40% of infants will die before liver trans- 
plantation for lack of a donor, and many others will become 
so critically ill that the success of transplantation is 
diminished.* Because of the donor scarcity and the short 
preservation times currently allowable for a liver, teams 
must simultaneously harvest donor organs from as far 
away as 2000 miles. To accomplish this successfully, private 
jet aireraft are needed to shorten transportation time 
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Fig 5.—Left, Paul S. Russell, MD, chief of transplantation at Massachusetts General Hospital, Boston. Right, John 
F. Burke, MD, chief of trauma services at Massachusetts General Hospital and creator of artificial dermis for 


massively burned patients. 
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(Fig 4). Often, we also employ helicopters to fly to the 
airport, to the donor hospital, and then back to the hospital 
to minimize preservation time. This need adds enormous 
eost and logistical complexity to the operative effort, 
thereby increasing the risk. 

Small children require tiny livers, often from newborn 
donors. The vascular and biliary anastomoses are difficult, 
again increasing the risk of great failure in the absence of 
artifieial hepatie support. However, despite the many 
limitations, we all recognize that transplantation does 
work. It does save lives. The critical issue we must face is 
whether organ transplantation realistically ean ever match 
the need. As an example, liver disease accounts for 30 000 
deaths per year in the United States, with an estimated 
annual cost of $14 billion to the US health care system.‘ 
Ten million patients in the United States suffer from 
diabetes mellitus, of whom 600000 are insulin dependent. 
Thirty percent of these patients have the devastating 
complications of diabetes. In 1984 dollars, their care re- 
sulted in a cost of $13.75 billion to the US economy.” In 
1986, 924 liver transplants and 140 pancreatic transplants 
were performed in the United States. Even if the organ 


Fig 6.—Left, Seaweed on Cape Cod shore displaying branching pattern that matches 
surface area to volume. Center, Barium injection of pulmonary artery in lungs of newborn 
infant who died of congenital diaphragmatic hernia. Extensive branching network is 
demonstrated (courtesy of L. M. Reid, MD). Right, Model of woman demonstrating extensive 


donor pool were to double or triple, it would fall far short 
of answering the need. Thus, major problems with organ 
transplantation as currently practiced include donor scar- 
city, expense, technical difficulty, and labor-intensive and 
complex care. 

Surgeons have recognized these shortcomings for many 
years and have looked beyond transplantation for solutions. 
Paul Russell, MD (Fig 5, left), from our midst summarized 
new approaches to organ replacement when he wrote a 
review article on selective cell transplantation in 1985.* He 
clearly stated that if there was an effective way to trans- 
plant only those important functional cellular elements of 
an organ, there would be many conceptual advantages over 
organ transplantation. Researchers have tried for 15 years 
to solve the problem of islet cell transplantation, for 
example. Many others have worked on hepatocyte trans- 
plantation as a way to support patients with liver failure.’ 
And so, cell transplantation has become a conceptual 
alternative, although now it is still highly experimental. 
In the 1970s, John Burke, MD (Fig 5, right), grappled with 
the problem of the massive burn wound. He realized that 
early excision and coverage was the cornerstone of suc- 







branching networks in organs and branching systems of communication among organs 


(photograph of model from Toronto Museum of Science). 


Fig 7.—Left, Scanning electron micrograph of polymer fibers with attached hepatocytes (original magnification 
x 121). Right, Implant of rat hepatocytes in omentum one week after implantation. Note active mitosis and vascularity 


(hematoxylin-eosin, original magnification x 400). 
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Fig 8.—Bovine aortic endothelial cells migrating into gel of complex 
biomatrix from polymer fibers (original magnification x 120). 


cessful management. This approach, however, was limited 
by the availability of donor skin. Dr Burke began to 
conceptualize creating an artificial wound coverage, a 
matrix of neodermis that would be manufactured from 
natural elements. Working with Ionnas Yannas, MD, at 
Massachusetts Institute of Technology, Cambridge, Mass, 
an artificial dermis was designed from collagen and glycos- 
aminoglycans. It was acellular and temporarily covered by 
a Silastic membrane. When placed onto an open burn 
wound, cellular migration and vascular ingrowth into the 
neodermis occurred, and the matrix was remodeled over 
time, becoming a living element. Epidermal elements from 
expanded skin grafts were gradually placed on the new 
dermis after vascular ingrowth occurred.* This concept and 
its successful use will clearly be one of the hallmark 
contributions to the management of patients in the latter 
half of the 20th century. Dr Burke and his colleagues were 
able to solve the problem of creating a new organ in two 
dimensions by using natural substances in a creative way. 

We wondered whether we could apply these principles 
of cell transplantation and artificial matrix to three-dimen- 
sional systems in the design of visceral organs. What would 
be necessary? One would need dissociated parenchymal 
cells and an appropriate biodegradable scaffold that would 
allow the cells to remain viable by diffusion, promote 
vascular ingrowth, and permit cellular proliferation and 
function. The design of such a system is a major problem 
requiring expertise in cell and developmental biology, 
polymer technology, and biomedical engineering. 

The rationale for such a proposal is based on several 
biologic observations. Every structure in living organisms 


undergoes constant renewal, remodeling, and replacement. 


Dissociated structural cells placed in cell culture tend 
toward reforming their structures. Their ability to do so 
depends on the conditions and cues provided in culture. 
Examples include endothelial cells that will form tubes in 
vitro and biliary cells that will form ducts in vitro.*” 


_ Normal organ parenchymal cells are anchorage dependent. 


If dissociated cells are placed into mature tissue as a 


E suspension without cell attachment, they may have a 


difficult time finding attachment sites that will allow for 
proper polarity and cell function. This may limit the total 
number of implanted cells that would remain viable to 


= organize, proliferate, and function. Finally, but very im- 


portant, tissue cannot be implanted in volumes of greater 
than 2 to 3 mm? because nutrition, gas exchange, and 
elimination of waste products is limited by this maximum 
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Fig 9.—Diagram demonstrating potential of slow release of biolog- 
ically active macromolecules from polymer matrices. FGF indicates 
fibroblast growth factor; EGF, epidermal growth factor; and NGF, 
nerve growth factor. 


diffusion distance." We evolved the concept of the engi- 
neered creation of a new organ in situ by placing functional, 
dissociated cells onto biodegradable artificial polymers in 
eulture and then placing this polymer-cell scaffold into a 
host where vascularization, growth, and function could 
occur. We have termed this process chimeric neomorpho- 
genesis.” 

The technique involves the harvest of the appropriate 
parenchymal cell type and placement into cell culture on 
polymer matrices. The ability then exists to manipulate 
those cells while in culture. For example, one could expand 
the number of cells in culture, offering the opportunity of 
using a small sample of the patient’s own cells and allowing 
proliferation to achieve adequate numbers to replace lost 
function. One could insert missing genes for protein prod- 
ucts such as factor VIII using the methods of genetic 
engineering. One might also manipulate antigenic surface 
determinants or eliminate unwanted antigen-presenting 
cells, thereby decreasing the likelihood of immune rejec- 
tion. The cell-polymer scaffolds are then placed back into 
patients in appropriate locations under the proper condi- 
tions. The major components of this technique are (1) the 
use of biodegradable polymers; (2) cell viability supported 
temporarily by diffusion; (3) proliferation and organization 
of cells; (4) vascularization of the growing cell mass; and 
(5) proper cell function in the context of new structure. 
One must emphasize the importance of vascularization to 
allow cells to have adequate nutrient, gas, and waste 
exchange. The design of the polymer scaffold must allow 
all cells access to the environment until vascular ingrowth 
occurs. 

This work has been done in close collaboration with 
Robert Langer, ScD, and his group at the Massachusetts 
Institute of Technology. The initial design was that of a 
small wafer of biodegradable polyanhydride. Cells were 
seeded in a monolayer onto the wafer in culture and then 
placed into a recipient animal while on the disk. Our initial 
experiments were not very successful. We thought this was 
most likely due to cell number and cell density that were 
inadequate for successful engraftment. In this context, we 
began to address the question of growth of multicellular 
organisms. How does Mother Nature solve the problem of 
three-dimensional growth? As a mass of cells enlarges, the 
surface area increases only as the square of the radius, but 
the volume increases as the cube of the radius. How does 
nature tackle this mismatch so that the cells on the interior 
ean be nourished? Nature uses branching networks to 
achieve this goal of matching surface area to volume. She 
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uses it both in the animal and the plant worlds. All organs 
are composed of intertwined branching networks and all 
communication between organs is accomplished by branch- 
ing systems. Indeed, animals are structurally not much 
different from plants in this fundamental repeating pat- 
tern. To be successful in their niche, animals must think, 
react, and move; hence, the developed nervous system, the 
covering of the skin, and the mobility allowed by a muscu- 
loskeletal system (Fig 6). But, in essence, we are branching 
networks, much as plants are.” 

Several experiments have been performed to test the 
feasibility of this concept. Biodegradable polymers of fiber 
networks are constructed. Cell suspensions from the liver, 
intestine, or pancreas are placed on polymers and the 
polymer-cell scaffold is maintained in culture for four days, 
and then it is reimplanted in the animal. Sites tested have 
included the omentum, retroperitoneum, and subcutane- 
ous tissue. Figure 7, left, is a scanning electron micrograph 
of dissociated hepatocytes that have been placed onto 
polymer fibers of polyglactin and cultured for several days. 
There are many healthy hepatocytes and others that 
appear to be degenerating. Figure 7, right, is a hepatocyte 
implant in the omentum one week after engraftment. It 
shows very viable and healthy hepatocytes, as well as 
mitotic figures indicating cell proliferation in the growing 
mass. Visible as well are blood vessels throughout the 
implant and evidence of bile canaliculi as specilized areas 
of the hepatocyte membrane. We have placed aortic endo- 
thelial cells onto polymer fibers and suspended them in 
gels of complex biomatrix (Fig 8). We have observed 
proliferation of the cells on the matrix and migration of the 


cells off of the fibers into the gel in an organized manner 
reminiscent of capillary branching. 

The polymers we have employed are man-made and 
therefore allow great flexibility in composition, configura- 
tion, and control. We can engineer tensile strength, rate of 
degradation, and suitability for cell attachment. We may 
be able to modify the inflammatory response and cell 
attachment by modifying the material or by coating it. 
Growth factors, growth inhibitors, and differentiation fac- 
tors can be incorporated directly into the polymer matrix 
(Fig 9). As the polymer erodes, these factors can be 
released in a biologically active form to stimulate the 
tissue, signaling proliferation or differentiation. The poly- 
mers can also be placed with cells attached into three- 
dimensional gels of collagen or complex biomatrices; they 
then may be studied with time-lapse video photography. 
This should allow the in vitro study of cell-cell interactions. 
We are now rigorously studying optimal conditions for cell 
attachment. By preconditioning polymer fibers with vari- 
ous buffers, the polymer surface is roughened, thereby 
increasing cell attachment. We have also coated polymer 
fibers with collagen, gelatin, and fibronectin to increase 
cell attachment. 

The year 2000 marks not only the beginning of a new 
century but the dawn of a new millenium. Cell transplan- 
tation holds great promise in the treatment of many 
diseases. Much work needs to be done, but our hope is that 
someday cellular chimeras will provide replacement tissue 
for patients as an alternative to organ transplantation as 
currently practiced. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Effect of Dimethyl Sulfoxide on Island Flap Perfusion and Survival in Rats 
Jeffrey Haller; Ronald Trachy; Charles W. Cummings, MD 


Investigations of the effect of dimethyl sulfoxide (DMSO) on skin flap survival have generated mixed results. 
In addition, to our knowledge, the effect of systemic DMSO on skin flap blood perfusion has not been previously 
studied. For this study, 48 rats were divided into three groups: (1) a control group, (2) a group injected with 
DMSO postoperatively only (for seven days), and (3) a preoperatively injected group (for three days 
preoperatively and seven days postoperatively). The DMSO was given intraperitoneally at a dose of 1.5 g/kg. 
On each rat, an abdominal island flap (3 x 6 em) was raised and restored to its original site. Laser Doppler 
velocimetry and perfusion fluorometry were used to monitor flap perfusion immediately following surgery 
(day 0) and on postoperative day 3. Flap survival was significantly greater in the DMSO-treated groups when 
compared with the control group. Significant increases in blood perfusion were noted in the treated flaps on day 
3 (Arch Otolaryngol Head Neck Surg 1987;113:859-863). 

Reprint requests to Department of Otolaryngology RL-30, University of Washington, Seattle, WA 98195 (Mr Haller). 
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1 Distal Pancreatectomy 


Andrew L. Warshaw, MD 


® This report describes a rapid, easy, and safe means of 
saving the spleen while resecting or fully mobilizing the 
pancreatic tail. The pancreas is separated from the spleen by 


dividing the splenic artery and vein distal to the tip of the 


pancreas. The spleen survives on the short gastric vessels, 
which are carefully preserved. The technique has been applied 
successfully in 22 of 25 consecutive patients with chronic 
pancreatitis (n= 13), acute pancreatitis and pancreatic necro- 
sis (n=3), cystic neoplasm of the pancreas (n=4), islet cell 
tumor (n=2), and ductal adenocarcinoma (n=3). The spleen 
could not be saved in three patients because of splenic hilar 
involvement by tumor or scar. Normal postoperative blood 
cell counts and spleen scans proved splenic viability and 
function. There was only one complication, a late splenic 
abscess that developed in a spleen of twice-normal size. It is 
concluded that in most instances the distal pancreas can be 
mobilized for resection or inspection without the need for 
splenectomy. Splenomegaly may be a contraindication be- 
cause the short-vessel gastric blood supply may be inade- 
quate to nourish the increased tissue mass. The technique is 
applicable to the treatment of pancreatic tumors, trauma, and 
pancreatitis. 
(Arch Surg 1988;123:550-553) 


Toe conventional technique of resecting the tail of the 
pancreas also involves removal of the spleen, which 


; . shares its principal artery and vein with the distal pan- 


creas.' It would be desirable to conserve the spleen to 
reduce the risk of postoperative sepsis and hematologic 
aberrations, but dissection of the splenic vessels from the 


| A pancreas is tedious, time-consuming, possibly productive 


of pancreatitis, and difficult when the pancreas is already 
inflamed or fibrotic. This report describes an experience 
with conservation of the spleen during pancreatectomy by 
dividing the splenic artery and vein beyond the tail of the 
pancreas. The spleen survives using its short gastric 
collateral vessels. 


Accepted for publication Jan 27, 1988. 

From the Surgical Services of the Massachusetts General Hospital and 
the Department of Surgery, Harvard Medical School, Boston. 

Read before the Annual Meeting of the New England Surgical Society, 
Bretton Woods, NH, Sept 13, 1987. 

Reprint requests to Massachusetts General Hospital, ACC 336, 15 
Parkman St, Boston, MA 02114 (Dr Warshaw). 
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Í Conservation of the Spleen With 


PATIENTS AND METHODS 
Patients 


Twenty-five consecutive patients who required distal pancrea- 
tectomy or extensive mobilization of the pancreatice tail were 
entered into this study. Their indications for operation were chronic 
pancreatitis (n= 13), acute pancreatitis with pancreatic necrosis 
(n=3), cystic neoplasm of the pancreas (Fig 1) (n=4), islet cell 
tumor (n= 2), and ductal adenocarcinoma (n= 3). 


Technique 


The lesser sac is entered through the gastrocolic omentum 
outside the gastroepiploic arcade. The omentum is divided suffi- 
ciently to allow retraction of the stomach cephalad and full 
visualization of the pancreas to its tail and the hilum of the spleen. 
The dissection is halted before reaching the short gastric vessels, 
which must be protected from injury. The avascular plane behind 
the tail of the pancreas is entered by opening the retroperitoneum 
along the inferior margin of the pancreas to the left side (Fig 2). 
The plane is developed until the entire distal pancreas is free 
posteriorly. When there is inflammation and scarring, special care 
must be taken to avoid injury of the left adrenal gland in this area. 

With the operator's fingers behind the pancreas, the peritoneum 
is opened along the upper margin of the pancreas, cephalad to the 
splenic artery. The tail of the pancreas is now a free-floating 
bridge. Its distal tip is easily defined by palpation, and extraneous 
remaining retroperitoneal tissues are teased away to define the 
splenic vascular pedicle between the tip of the pancreas and the 
splenic hilum. Unless the hilar region has been obliterated by 
inflammatory reaction or tumor, there is adequate space (approx- 
imately 2 cm) to place two clamps on the splenic vessels, divide 
between them, and ligate the stumps. It has not been necessary 
to separate the individual vessels, and in many instances it may 
be safer not to try. The tail of the pancreas is now free to be 
reflected to the right (Fig 3). If the spleen has been injured and 
suture repair is necessary, it can also be mobilized by dividing its 
posterior peritoneal attachments and reflecting the spleen forward 
with the greater curvature of the stomach. In general, it is 
preferable to leave the spleen undisturbed in its bed. Its color and 
viability should be confirmed before closing the abdomen. 


RESULTS 


In three patients the tail of the pancreas could not be 
safely separated from the spleen. The cause of failure was 
tumor involving the hilum of the spleen in one case and 
hilar scarring from past acute inflammation and abscesses 
in two cases. 
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Fig 1.—Computed tomographic scan showing large cystic lesion 
(marker) in body of pancreas that proved to be cystadenoma. 
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Fig 3.—Pancreas containing cystadenoma (same patient as shown 
in Fig 1) has been separated from spleen, rotated to right, and 
prepared for amputation at neck of gland. Note ligated splenic vein 
coursing along posterior pancreatic surface. 


In the other 22 patients the pancreas and spleen were 
separated and the spleen was conserved. Current acute 
inflammatory chronic pancreatic fibrosis and pancreatic 
necrosis were not prohibitive factors. The appearance of 
the spleen was normal at the time of abdominal closure in 
all cases. Postoperative leukocyte and platelet counts in 
the peripheral blood were normal in all cases. Technetium 
Tc 99m sulfur colloid spleen scans were performed in eight 
patients just before discharge, and seven of these patients 
showed normal splenic uptake (Fig 4). 

There was one complication of the operation. A 42-year- 
old man with chronic alcoholic pancreatitis was operated 
on for the purpose of creating a lateral pancreaticojejunos- 
tomy (modified Puestow’s operation) for relief of pain. He 
was known to have marked splenomegaly (twice-normal 
size) and mild hypersplenism (platelet count, 80 x 10°/L 
[80000/mm?]; white blood cell count, 4.0x 10°/L 
[4000/mm?]). Splenic angiography showed splenic vein oc- 
clusion at its intrapancreatic portion and enlarged short 
gastric, gastroepiploie, and omental venous collaterals. 
Ordinarily splenectomy would have been employed to 
decompress the splenic venous collaterals to reduce oper- 
ative blood loss, eliminate hypersplenism, and perhaps to 
prevent gastrointestinal bleeding from varices. In this 
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Fig 2.— Top, Lesser sac is entered through gastrocolic omentum 
outside gastroepiploic arcade. Short gastric vessels are carefully 
spered. Pancreas is mobilized by incising retroperitoneum along 
left inferior margin and opening avascular plane behind it. Dissec- 
tion is carried to left, past tip of pancreas to isolate splenic vascular 
pedicle. Right, Splenic artery and vein can be ligated and divided 
individually, as shown, or together. Spleen is left undisturbed in its 
bed. Free of spleen, the pancreas is rotated anteriorly for further 
dissection to right and for resection. 





Fig 4.— Technetium Tc 99m scan of liver and spleen one week 
after distal pancreatectomy. There is normal activity in spleen. 
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Fig 5.—Liver-spleen scan eight days after division of splenic artery 
and vein in patient with chronic pancreatitis, preexisting splenic 
vein occlusion, and splenomegaly. Scan shows normal uptake only 
in portion of spleen, and reduced activity in remainder. 


patient, the division of the splenic artery and vein was 
intended to reduce the arterial inflow to the spleen and 
thereby reduce the left-sided portal hypertension, in effect 
“rebalancing” the splenic circulation. The tactic was effec- 
tive in obviously reducing venous pressure in the gastro- 
epiploic and omental veins. Blood loss during the operation 
was minimal and the spleen appeared to be viable. A spleen 
scan eight days later, however, showed irregular patchy 
uptake of the radionuclide, and much of the large spleen 
did not visualize (Fig 5). The patient remained well for 
eight weeks, until he developed acute left upper quadrant 
abdominal pain, fever with a temperature of 40°C, and 
leukocytosis (white blood cell count, 24x 10/L 
[24 000/mm?]). A spleen scan at this time showed a rim of 
normal splenie tissue surrounding a cold central mass (Fig 
6). A large splenic abscess was drained. Subsequently, the 
patient was well and a final spleen scan showed healing of 
the cavity and normal splenic activity. 


COMMENT 


Until recent years, splenectomy had been included as an 
expedient component of distal pancreatectomy, with little 
concern or further thought. Recognition of postsplenec- 
tomy sepsis as an unwanted added risk has changed that, 
and it is now accepted that splenic salvage is desirable. 

There have been various approaches to saving the spleen, 
depending on the circumstances. Trauma surgeons treating 
pancreatic fractures across the body of the gland have 
suggested drainage of the distal pancreatic fragment into 
a Roux-en-Y loop of jejunum as an alternative to resec- 
tion.** Pediatric surgeons have dissected the splenic artery 
and vein from the pancreas in performing a 95% pancrea- 
tectomy for nesidioblastosis.* This dissection is easier to 
perform in children because the vessels seem to be less 
incorporated into the pancreatic substance and because 
the communieating branches are smaller, allowing rapid 
disconnection. In adults the problems may be compounded 
by chronic pancreatitis, which makes the dissection of the 
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Fig 6.—Liver-spleen scan two months after operation (same patient 
is in Fig 5). Patient presented at this time with high fevers and 
leukocytosis. Scan now shows large central "cold" area within 
spleen, consistent with abscess. 


splenie vein difficult indeed. Nonetheless, the effort has 
been made, and sometimes with success, even in the 
traumatized patient.** The time required for the dissection 
will largely limit the applicability of this technique to those 
patients whose only problems or injuries are pancreatic 
and whose conditions are otherwise stable. 

The present study shows that the tedious, time-consum- 
ing preservation of splenic arterial and venous continuity 
is unnecessary in most cases. At least the normal-sized 
spleen reliably survives and functions using the short 
gastric vessels alone. The one complication in the series 
was an abscess developing two months after operation in a 
spleen that had been markedly enlarged because of splenic 
vein occlusion and that was shown by postoperative scan 
to be inadequately perfused. Similarly, splenic abscess has 
been reported as a risk of therapeutic splenic arterial 
oeclusion by transcatheter embolization of the enlarged 
spleen,’ perhaps especially if there is splenoportal hyper- 
tension. The implication seems to be that interruption of 
the splenic artery and vein is tolerated by the normal-sized 
spleen, but perhaps not by an enlarged one. 

The technique described herein for conservation of the 
spleen is easy, safe, fast, and effective. We have successfully 
employed it in 22 patients who needed a distal pancreatec- 
tomy for a spectrum of benign and malignant tumors, 
chronic pancreatitis, and complications of acute pancreati- 
tis. Cooper and Williamson* reported using a similar 
technique in 15 patients (two for islet cell tumors and 13 
for diagnostic biopsy of the tail and pancreatogram), but 
advised against applying it in patients with chronic pan- 
creatitis. In our experience, chronic pancreatitis has not 
proved to be a difficulty. The majority (13/25) of our patients 
had that disease, and splenic conservation was successful 
in all of them. The three treatment failures in our patient 
group (inability to divide the splenic vessels safely and 
without injury to the spleen) were due to tumor encroach- 
ing on the splenic hilum and to recent acute inflammation 
with encasement of the hilum in scar. 
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While we have not yet had the occasion to use our method 
in the treatment of pancreatic trauma, that seems a natural 
application. Blunt trauma to the pancreas most commonly 
fractures the gland at its midportion overlying the spine. 
Distal pancreatectomy is a simpler and safer remedy than 
drainage of the damaged segment into a jejunal loop, and 
the spleen can still be saved. 

In addition, the fact that the tail of the pancreas can be 
fully mobilized without endangering the spleen may en- 
courage applications to situations other than distal pancre- 
atic resection. For example, the search for an islet cell 


tumor may be aided by making the pancreas more acces- 
sible to careful palpation and intraoperative ultrasonogra- 
phy. Lateral pancreaticojejunal anastomosis (Puestow's 
operation) may be technically facilitated in some patients 
by bringing the pancreas forward in the operative field, 
and sometimes by amputating the tip of the pancreatic 
tail. Finally, there will be times when the pancreatic duct 
must be located in the tail for retrograde drainage, ante- 
grade pancreatography, or catheterization to demonstrate 
the pancreatic duct orifice when it cannot be found at the 
duodenum. 
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Discussion 


GERALD O. SrRAucH, MD, New Britain, Conn: Given the fact 
that there is general agreement that the spleen should be saved 
whenever it can be done effectively and safely, anyone who deals 
with problems of the spleen or pancreas should find this article of 
interest. Since we have known about the dual arterial blood supply 
to the spleen for many years, it seems clear that this method has 
not been previously explored to any extent because interest in 
splenic salvage has arisen but recently. Dr Warshaw's suecess with 
this method is impressive, and the number of cases is credible. 

I agree with the comments about the dangers of splenic abscess, 
and I agree that technically it is easier to operate on the splenic 
hilum in the patient with ligneous pancreatitis than a normal 
pancreas. This technique should be readily applicable in trauma, 
although, to my knowledge, it really has not been used in injury 
victims. This technique has some added facets that are appealing 
in the trauma situation. For example, in cases involving both a 
distal pancreatic and a reparable splenic injury, ligation of the 
splenic artery will facilitate control of bleeding from the spleen 
by lowering the arterial pressure during splenic repair. In distal 
pancreatic injuries, the salvage of the pancreatic mass is really 
not at issue. 

The alternative technique of splenic salvage during distal pan- 
createctomy, of course, is dissection of the pancreas off the splenic 
vein. The artery is infrequently a problem. This technique is not 
difficult to perform in children, but it may be extraordinarily 
difficult in adults, in whom the pancreatic substance is frequently 
wrapped around the splenic vein. Bill Schwab, who is currently at 
Penn, has now reported five cases using this method in injury 
victims. He has done this in cases of both blunt and penetrating 
injury. 
One of the reasons dealing with the splenic vein has become 
easier is because we perform a distal splenorenal shunt; that really 
has familiarized a lot more surgeons with the splenic vein. Several 
years ago we treated a little girl who was stepped on by a horse. 
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This would have been a perfect situation for using the procedure 
that Dr Warshaw described. We did not use it, however. Very 
frequently in blunt trauma, the splenic vasculature is skeletonized 
and the dissection is really not all that difficult. 

Recently, we treated a high school football player who had an 
obvious abdominal injury. I could not make out a transected 
pancreas on the computed tomographie scan, but the radiologist 
said he could. When we operated on this boy, it was very easy to 
remove the pancreatic segment distal to the fracture site by 
dissection off the splenic vein. Obviously, in a case of injury the 
decision as to how to manage these problems has to be made in 
the light of factors other than the pancreatic injury per se, 
including the condition of the patient and his or her associated 
injuries. 

In summary, given the consensus regarding the desirability of 
salvage of the spleen and the fact that there is nothing at all 
mysterious about this particular technique, and the fact that the 
dissection of the pancreas off the splenic vein may be impossible 
or impractical in most situations in adults, I would expect that 
even in the trauma situation, this technique will prove to be 
standard in most patients undergoing distal pancreatectomy. 

Dr Warsuaw: I have one additional thought on the information 
you have just given us. After separation of the tail of the pancreas 
from the spleen, the major splenic attachments are to the stomach. 
It is not difficult to divide the posterolateral peritoneal attach- 
ments of the spleen and bring the spleen up forward into the 
operative field on its gastric pedicle, and thereby repair a splenic 
rupture or tear that otherwise might be of difficult access. 
Especially in circumstances such as those just described, with 
combined pancreatic and splenic injury, this approach might add 
something more than would splenic artery ligation alone. I 
emphasize that splenic conservation will not be universally possi- 
ble, but frequently may be. 
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Ripstein Procedure 


Lahey Clinie Experience: 1963-1985 


Patricia L. Roberts, MD; David J. Schoetz, J r, MD; John A. Coller, MD; Malcolm C. Veidenheimer, MD 


* We reviewed our 22-year experience with 135 Ripstein 
procedures for rectal prolapse in 118 women and 17 men. 
Follow-up ranged from one to 256 months (median, 41 months). 
Five patients were unavailable for follow-up. There was one 
perioperative death (0.796). Complications included hemor- 
rhage from presacral veins in 11 patients (8.195), recurrent 
prolapse in 13 patients (9.6%), and stricture at the site of the 
Sling in three patients (2.2%). Specific intraoperative technical 
factors could be related to recurrent prolapse in four patients 
(30.8%). Attention to technical details is mandatory to mini- 
mize immediate and long-term complications. Patients should 
be prepared for anterior resection, since a sling procedure 
may be inadvisable at the time of exploration. Resection may 
be the preferred operation for men, who have a high rate of 
recurrent prolapse with the Ripstein procedure. 

(Arch Surg 1988;123:554-557) 


vL ges the introduction of the Ripstein procedure in 1963, 
the transabdominal Teflon sling repair has been the 
procedure of choice at the Lahey Clinic Medical Center, 
Burlington, Mass, for full-thickness rectal prolapse. We 
have reported our results previously in 1975? and 1979.3 
From 1979 to 1985, 57 additional Teflon sling repairs have 
been performed. 

Herein we review 135 consecutive Ripstein procedures 
over a 22-year period and comprehensively examine results 
and complications, particularly with regard to immediate 
postoperative and late complications. 


MATERIALS AND METHODS 


The records of all patients who underwent the Teflon sling 
repair for full-thickness rectal prolapse at the Lahey Clinic from 
1963 to 1985 were reviewed in detail. Follow-up was done by 
examination in the office, telephone interview (P.L.R.), or both. 

Preoperatively, all patients had a complete physical examination 
that included proctosigmoidoscopic examination and appropriate 
laboratory tests. Fifty-one patients (37.8%) underwent a barium 
enema procedure as part of their preoperative preparation. Pa- 
tients underwent standard Nichols-Condon bowel preparation and 
received parenteral antibiotic therapy perioperatively. The Rip- 
stein procedure has previously been reported in detail.^ Pertinent 
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parts of the procedure are illustrated in Fig 1. 

Statistical analysis of the recurrence rate in women vs the 
recurrence rate in men was done by the Miettinen modification of 
the Fisher exact test. 


RESULTS 


A total of 135 Ripstein procedures were performed in 
118 women and 17 men. The ratio of women to men was 
approximately 7:1. Age and sex distribution are presented 
in Fig 2. Patient ages ranged from 19 to 95 years (median 
age, 63 years) The median duration of symptoms before 
operation was 30 months (range, 0.5 months to >60 years). 
Thirty-four patients (25.2%) had 54 previous operations at 
other institutions for rectal prolapse, of which over half 
were perineal procedures. 

All patients underwent preoperative proctosigmoidos- 
copic examination. Five patients (3.7%) had a solitary 
rectal ulcer, and four patients (3.0%) had polyps. 

Kleven patients (8.1%) had concomitant incidental pro- 
cedures, such as appendectomy or oophorectomy. In seven 
patients who were not included in this series, the surgeon 
originally intended to perform a Teflon sling repair, but 
intraoperative findings necessitated an alternative proce- 
dure, such as anterior resection. 

Patients were followed up from one to 256 months with 
a median follow-up time of 41 months. Five patients were 
unavailable for follow-up. 

Satisfactory results, defined as cure of rectal prolapse, 
were achieved in 118 patients (87.4%). Seventeen patients 
(12.6%) had unsatisfactory results; these included 13 pa- 
tients (9.6%) with recurrent prolapse, three patients 
(2.2%) with rectal strictures, and one patient (0.7%) in 
whom a colocutaneous fistula developed, necessitating 
removal of the sling. 

Factors associated with rectal prolapse were identified 
in 42 patients (31.1%). Twenty-eight (31.5%) of 89 women 
in whom an obstetric history was obtained were nulliparous. 
In addition, seven patients (5.2%) had a neurologic or 
psychiatric disturbance, five (3.7%) related the prolapse 
to recent anorectal surgery, and two (1.5%) related the 
prolapse to trauma. 

Fifty-one patients (37.8%) complained of constipation 
preoperatively. In 35 patients (68.6%) improvement oc- 
curred postoperatively, and in 16 (31.4%) the condition 
remained the same or worsened. Of the latter, seven 
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Table 1.—Results Related to Preoperative Bowel 
Complaints and Incontinence (n= 121) 


% (No.) of Patients 


Postoperative 
Condition 
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Fig 1.—Operative technique. Top left, After mobilization of rectum, heavy nylon sutures are placed in periosteum of 
sacrum. Top right, Appropriate length of mesh is secured in place. Bottom left, While cephalad tension is being 
maintained, mesh is brought to left side of sacrum and secured in place. Bottom right, Lateral view of rectum 
showing satisfactory placement of sling. Sutures may be placed in muscularis of bowel. 
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Fig 2.—Age distribution of patients undergoing Ripstein procedure. 


90-99 
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patients (5.2%) had a total of ten episodes of fecal impac- 
tion. Twelve patients (8.996) had previously experienced 
irritable-bowel symptoms. In three (25.0%), the condition 
improved postoperatively, and in nine (75.096) it stayed the 
same. 

Fifty-eight patients (43.0%) complained of varying de- 
grees of ineontinence preoperatively Adequate documen- 
tation was lacking to quantify further the degree of 
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Same or 
Worse 


Preoperative 
Condition 


43.0 (58) 
37.8 (51) 
8.9 (12) 


Better 


Complaint 
Incontinence 
Constipation 
Irritable bowel 





incontinence. Postoperatively, in 45 patients (77.6%) the 
condition improved, and in 13 (22.4%) it remained the same 
or became worse. Of the latter group, two underwent a 
Parks postanal repair with good results, one was not better 
after a Thiersch wire procedure, and a fourth was minimally 
improved after a gracilis flap and Silastic sling procedure. 
Results related to incontinence and bowel management are 
summarized in Table 1. 

One perioperative death (0.796) occurred as a result of 
pulmonary embolus. This patient had a recent cerebrovas- 
cular accident and was readmitted to the hospital with 
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Table 2.—Early and Late Complications in 135 Patients 


No. (%) of 


Complication Patients 


Urinary tract infection 
Presacral hemorrhage 
Postoperative 
Intraoperative 
lleus 
Cardiovascular complications 
Wound infection 
Small-bowel enterotomy 
Small-bowel obstruction 
Pelvic sepsis 
Wound dehiscence 
Urinary retention 
Fistula 
Miscellaneous 
Cholecystitis 
Spinal headache 
Psychosis 
Retained drain 
Hip fracture 
Phlebitis 
Sciatica 
Atelectasis 
Transient hepatic dysfunction 
Subclavian venous thrombosis 
Total 


13 (9.6) 
11 (8.1) 
6 (4.4) 
5 (3.7) 
6 (4.4) 
6 (4.4) 
3 (2.2) 
2 (1.5) 
2 (1.5) 
2 (1.5) 
(0.7) 
(0.7) 
(0.7) 
(8.1) 
(1.5) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 
(0.7) 


2 
1 
1 
1 
1 
1 
1 
1 
1 
1 


gi 
O 


15 (11.1) 
13 (9.6) 
10 (7.4) 
4 (3.0) 
3 (2.2) 


Incisional hernia 
Recurrent prolapse 
Fecal impaction 

Anal mucosal prolapse 
Stricture 

Stitch abscess 1 (0.7) 
Small-bowel obstruction 1 (0.7) 
Total 47 


respiratory failure approximately 3v» weeks after the 
original Ripstein procedure. 

Seventy patients (51.9%) had a total of 106 complications 
(Table 2), and 65 patients (48.1%) had no complications. 
Forty-seven patients (34.8%) had one complication, 16 
patients (11.9%) had two complications, five patients (3.7%) 
had three complications, and one patient (0.7%) had seven 
complications. 

The most serious early complication was presacral hem- 
orrhage that occurred in five patients (3.796) intraopera- 
tively and in six patients (4.4%) postoperatively. Control 
of intraoperative presacral hemorrhage was achieved by 
tightening a ligature on the sling in three patients (2.2%). 
Hemorrhage was severe enough to require pelvic packing 
in two patients (1.5%). A pelvic abscess later developed in 
one of these patients. Late hemorrhage in the six patients 
was manifested by a decrease in hematocrit postoperatively 


= out of proportion to that expected from operative blood 


loss and did not require treatment. 
The three late strictures (2.2%) occurred in women. All 


.. of these patients had a long-standing history of constipa- 


= tion. The strictures developed three months, 11 years, and 





556 Arch Surg— Vol 123, May 1988 


Table 3.— Patient Data Related to Major Late Failures of 
Ripstein Procedure 














Median % of Patients 
No. of Age Sex, With a History 

Variable Patients (Range y M-F of Constipation 
Ripstein 

procedure 135 63 (19-95) 17:118 37.8 
Recurrent 

prolapse 13 60 (19-84) 4:9 23.0 
Anal stricture 3 45 (45-67) 0:3 100 


13 years, respectively, after the original Teflon sling pro- 
cedure and were diagnosed by a barium enema procedure 
and proctoscopic examination. The median age of patients 
in whom stricture developed was 45 years. All patients 
with stricture underwent low anterior resection. 

Recurrent prolapse developed in 13 patients (9.6%), 
including nine women and four men. Specific technical 
factors, such as intraoperative laxity of the sling, were 
noted in two of the four men and two of the nine women. 
Vigorous activity (straining in two patients, lifting in one, 
and onset of labor in another) was believed to be responsible 
for recurrence in four female patients; the cause was not 
clear in the remaining five patients. Recurrent prolapse 
developed five days to 84 months (median, 12 months) after 
the original Ripstein procedure. The higher recurrence 
rate in men compared with that in women approached a 
statistical significance (P=.07, with a 95%- confidence 
interval of the difference ranging from — 4.8% to 4- 36.696). 

The median age of patients with recurrent prolapse was 
60 years (range, 19 to 84 years) Recurrent prolapse 
developed in four patients who were under the age of 40 
years. Although these patients constituted only 346 of the 
entire series, they accounted for 31% of all recurrences. 
Five of 13 patients had surgical correction of the recur- 
rence. Two Teflon sling insertions, two Thiersch wire 
procedures, and one Silastic sling insertion were per- 
formed. In the remaining eight patients, the recurrence 
was mild or further treatment was refused (Table 3). 


COMMENT 


Although the Teflon sling repair is an effective procedure 
for cure of rectal prolapse, it is associated with appreciable 
morbidity. Previous series have reported mortality rates 
only up to 2.49£/29:' but morbidity rates up to 26%. 
Although we have previously reported a complication rate 
of 1396,* our current morbidity includes all complications 
and not solely those related to sling fixation. Clearly, some 
complications are related to any major abdominal proce- 
dure in an elderly population. 

Although presacral hemorrhage during rectal mobiliza- 
tion or during sling fixation has long been recognized, the 
exact cause of such bleeding has only recently been 
elucidated by Qinyao et al." This understanding of the 
presence of both a presacral venous plexus and basiverte- 
bral plexus is now combined with the judicious use of 
thumbtacks, as advocated by Nivatvongs and Fang.” As a 
result, blind packing of the pelvis, with its attendant septic 
complications, should become of historical interest only. 

Although fibrotic proliferation was a causative factor in 
the development of delayed rectal stricture in one of the 
three patients, the cause in the other two was uncertain. 
Lescher et al* previously reported five strictures. However, 
we have included only patients whose original Teflon sling 
repair was done at the Lahey Clinie and not patients 
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referred from other institutions. Clearly, in patients who 
require earlier surgical intervention, technical factors must 
be considered carefully. Rectal stricture may be prevented 
by use of a different prosthetic material, such as expanded 
polytetrafluoroethylene or Gore-Tex (W. L. Gore & Asso- 
ciates Inc, Elkton, Md), which allows for fibroblastic 
ingrowth and minimizes inflammation." Stricture forma- 
tion and fecal impaction may be prevented by fixation of 
the sling posteriorly, thus leaving the anterior rectum free 
to distend, as advocated in a recent review by McMahan 
and Ripstein” and as performed in a small percentage of 
patients in our series. 

Our recurrence rate of 9.6% closely approximates that 
reported in our previous series and by the Cleveland 
Clinic.? However, the recurrence rate in men (23.5%) was 
more than three times that in women (7.6%). Technical 
factors at the time of original operation were implicated in 
5096 of the men with recurrent prolapse. This suggests 
that the high recurrence rate may in part be due to 
difficulty mobilizing the rectum in the narrow male pelvis 
and placing sutures precisely while maintaining the proper 
tension on the rectum. Although the recurrence rate of 
men vs women was not statistically significant because of 
the small number of men, it is believed that anterior 


resection is the procedure of choice for full-thickness rectal 
prolapse in men. Similarly, consideration should be given 
to resection rather than Teflon sling repair in young and 
active individuals. 

Finally, although the surgeon may intend to perform a 
Teflon sling repair in a patient with rectal prolapse, specific 
intraoperative findings may mandate another procedure, 
such as resection. Anterior resection was performed in 
seven patients not included in this series. Therefore, we 
believe that all patients should undergo full mechanical 
and antibiotic bowel preparation in the event that resection 
is indicated. 

We have presented our experience with 135 Ripstein 
procedures at the Lahey Clinic in the past 22 years. The 
Ripstein procedure is a highly effective operation for the 
cure of full-thickness rectal prolapse but is associated with 
appreciable morbidity and therefore should not be recom- 
mended lightly to patients. All patients should undergo 
full mechanical and antibiotic bowel preparation in the 
event that a Teflon sling repair is not feasible and resection 
is indicated. Men and probably young active women should 
undergo anterior resection as the procedure of choice. 
Attention to the technical details of sling fixation is 
mandatory to minimize early and long-term complications. 
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Discussion 


Davip E. MARCELLO, Jr, MD, Brockton, Mass: At the Brockton 
Hospital (300 beds, university affiliated) from 1976 to 1986, there 
were seven patients who were discharged with a primary diagnosis 
of rectal procidentia; one of them underwent a Thiersch operation. 
This is not a very extensive experience. 

The primary purpose of this and any other operation is to 
alleviate symptoms and restore function. The symptoms here are 
constipation, mucous and bloody discharge from prolapse, and 
incontinence from a lax and atonic condition of the sphincter. The 
authors’ experience is extensive, relatively speaking, with an 
uncommon condition. More important is their brutal honesty in 
reporting their complications. A 51% morbidity is significant in 
what some people have called a “neat little operation.” This is an 
operation that has a lot of problems. 

The recommendation to use a low anterior resection in men and 
young, physically active women is a help to those of you who wish 
to take on this operation; it will help you select patients properly. 

The lax sphincter associated with this condition, whether it is 
the cause of the condition or results from it, is really the primary 
problem. Due to the small number of cases, randomized prospec- 
tive studies cannot be done. Lahey Clinic has decided to limit 
themselves to two operations, which I think is wise, rather than 
take each new procedure and try it out in a few cases and come to 
no significant conclusions. 

One of the questions I have for Dr Roberts is as follows: What 
is the role of anal manometry in this condition in the preoperative 
and postoperative management of these cases? Second, I think we 
would all like to know the selection process; how many patients 
had rectal procidentia who were not operated on vs the ones that 
you did operate on? 

In conclusion, I would say it was a good article, it was an honest 
appraisal, and it certainly helps those who do the operation to 
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select patients properly. For the general surgeon, I would suggest 
at least a preoperative visit to a knowledgeable colon and rectal 
service. 

Dr Roserts: I will answer your second question first. Since 
1963, we have performed 158 procedures for rectal prolapse, of 
which 135 have been the Ripstein procedure. Fourteen other 
abdominal operations have been performed, which have included 
anterior resection and suture fixation of the rectum to the sacrum, 
the latter performed because the bowel was inadvertently entered 
during mobilization. In addition, we have performed nine perineal 
procedures, ie, Thiersch wire and, more recently, Silastic sling, 
but we have reserved these for patients who are medically very 
ill. We have seen a small percentage of patients with rectal 
prolapse on whom we have not operated, and generally they have 
been patients who have been admitted for severe medical problems 
and have not been deemed suitable for operation. 

Thus far, the role of anal manometry is conflicting in the setting 
of rectal prolapse. Keighley and others (Br J Surg 1983;70:463- 
468 and Dis Colon Rectum 1981;24:449-453) have looked at anal 
manometry results in patients with prolapse and have not found 
that manometry had any predictive value in determining which 
incontinent patients would regain continence and which patients 
would continue to be incontinent after surgical correction. Part of 
the problem with this is the patient we are dealing with. A typical 
rectal prolapse, once reduced, looks like a patulous anal sphincter. 
Most anal manometry catheters are of small diameter. The catheter 
we currently use is an eight-channel probe, with a 5.5-mm outside 
diameter. To put this in a patient with a patulous anus does not 
give reliable measurements. Dr Coller has worked on a new 
catheter, one that is 1 to 2 em, for use in these patients. I will 


conclude by saying that the clinical application of manometry in 


the setting of rectal prolapse has not yet been determined. 
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Safe Management of the 


Impossible Duodenum 


Risk Avoidance in Surgery of Peptic Uleer 


Grant V. Rodkey, MD 


* A series of 1068 operations for peptic ulcer has been 
analyzed for evidence of mortality or morbidity related to 
duodenal dissection or closure. There were 85 patients with 
catheter duodenostomy and 43 additional patients with acute 
pancreatitis or duodenal leak. The mortality rate was 17.295 
for the entire group of 128 patients. Complications included 
acute pancreatitis, subphrenic or subhepatic abscess, duo- 
denal blowout, and stomal delay. Forty-two secondary opera- 
tions were required. Another series of 61 patients was treated 
by truncal vagotomy and a new technique of antrectomy with 
intramural dissection and gastroduodenostomy. The mortality 
rate in this series was 1.6%. Complications included stomal 
delay, thromboembolism, and gastric leak following gastros- 
tomy tube removal. No secondary operations were required. 

(Arch Surg 1988;123:558-562) 


Op duodenal ulcer induces extensive inflammatory 
changes and scar deformity in adjacent structures, 
including the pancreas, common bile duct, and gallbladder. 
Adhesions and obliteration of tissue planes by edema and 
scar make dissection difficult and may contribute to defi- 
cient closure or healing of the duodenal stump. Problems 
related to the dissection have included pancreatic injury 
with acute pancreatitis,? common bile duct injury‘ and 
ampullary disconnection.’ Inadequate or failed duodenal 
closure may lead to subhepatic or subphrenic abscess, 
peritonitis, and external fistulization. Any of these events 
may entail prolonged morbidity or mortality. 

Recognition of problems of the inflamed and scarred 
duodenum has stimulated the development of many ingen- 
ious solutions, including Devine’s antral exclusion 
procedure* and Bancroft’s modification of coring out the 
antral mucosa,’ several modifications of the technique of 
duodenal closure,*"* the two-stage gastrectomy of Mc- 
Kittrick,^ Wangensteen’s segmental gastric resection,® 
Waddell’s antral exclusion with truncal vagotomy,'® vagot- 
omy with pyloroplasty,":* vagotomy with gastroenteros- 
tomy,” and several methods of duodenojejunal anastomo- 
Sis, 2123 
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However, the low recurrence rate following the operation 
of vagotomy and antrectomy has made other alternative 
operations for peptic ulcer less desirable.?*25 In addition, 
the surgeon may have already embarked on antrectomy 
before the difficulties of dissection were fully perceived. 
The most successful method of managing these difficult 
duodenal problems has been Welch’s catheter duodenos- 
tomy technique, which has been effectively used and 
reported by many surgeons. 28-4 

Despite the advantage of duodenostomy, there still are 
frequent complications and significant mortality associated 
with ulcer operations. This study was undertaken to define 
those risks and to develop an alternative safer strategy for 
surgical treatment of duodenal ulcer. 


PATIENTS AND METHODS 


A retrospective study of 1068 patients requiring operations for 
peptic ulcer disease at the Massachusetts General Hospital, 
Boston, during the 12-year period from January 1974 to January 
1986 has been previously reported. In a second phase of this 
study, each of these cases has been reviewed in detail for evidence 
of problems related to the dissection or to the closure of the 
duodenum. All 85 cases treated by duodenostomy were included, 
and an additional 48 cases were identified, with evidence of acute 
pancreatitis or duodenal leak, as determined by laboratory find- 
ings, roentgenogram, or operative or postmortem findings. 

Another series of 61 patients treated during the past 30 years 
by an operative technique that avoids pancreatic dissection and 
duodenal turn-in was studied, and the results of the two series 
were compared. 

The operative procedure in the second series included bilateral 
truncal vagotomy and division of the stomach at the appropriate 
level to leave the entire antrum in the distal segment (Fig 1). An 
incision was made into the anterior aspect of the antrum and 
carried through the pylorus to a point beyond the inflammation 
and narrowing of the proximal duodenum. This exposed the ulcer 
to direct view and permitted immediate suture ligation of a 
bleeding gastroduodenal artery in appropriate cases (Fig 2, A). 
Right gastric and right gastroepiploic vessels were divided and 
ligated. The antrum was then lifted forward, and, at the point 
that the stomach adheres to the pancreas, a skiving incision 
parallel to and above the surface of the pancreas was made through 
the seromuscular layers and into the submucosal plane of the 
antrum (Fig 2, B). The antral mucosa was then dissected under 
direct vision, leaving the posterior muscular wall of the antrum 
and pylorus lying on the pancreas to form a suitable base for the 
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Fig 1.—Bilateral truncal vagotomy, division of stomach, and outline of proposed antroduodenal incision. 


posterior row of sutures of the gastroduodenostomy (Fig 2, C). 
The entire distal dissection was performed within the enteric 
cavity and eliminated the risk of injury to any of the surrounding 
structures. If the duodenum is lying deeply into the right gutter, 
the lateral peritoneal attachment of the duodenum may be divided, 
allowing the entire duodenum and pancreas to be brought forward 
into the operative field. A two-layer gastroduodenostomy is then 
completed, and, if desired, supplementary gastrostomy may be 
performed (Fig 3). 


RESULTS 


Among the 1068 operations performed for peptic ulcer, 
duodenostomy was carried out in 85 cases, and problems 
related to duodenal dissection or healing were identified in 
43 additional cases. Mortality occurred in 13 (15.3%) of the 
85 cases with duodenostomy and in 22 (17.2%) of the total 
of 128 cases in this series. Postoperative hospital days 
averaged 24.7 for patients treated with duodenostomy 
(range, five to 95 days) and 29.7 days for the entire series 
(range, two to 149 days). 

The most frequent complications observed in this series 
of 128 cases included acute pancreatitis (88.3%), subphrenic 
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or subhepatic abscess (25.0%), duodenal blowout (14.1%), 
and stomal delay greater than 14 days (8.6%). Of those 
patients with stomal delay, nine (81.8%) of 11 had associated 
acute pancreatitis. All major complications identified in 
the series are listed in Table 1. Forty-two secondary 
operations were required in the series. 

Among the 61 patients who were operated on with the 
technique described, there was one death (1.6%) that 
occurred in a 72-year-old woman with massive hematemesis 
from a duodenal ulcer. She continued to bleed from multiple 
sites postoperatively due to a severe clotting disorder. 
Despite 25 transfusions and surgical reexploration, she 
died 30 hours after admission. Postmortem examination 
confirmed diffuse hepatoma with portal vein thrombosis. 

Complications observed among the remaining 60 cases 
are listed in Table 2. Postoperative hospital stay averaged 
13.4 days, and no secondary operations were required. 


COMMENT 


The complications and mortality reported herein repre- 
sent the most difficult cases culled from a large group 
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Fig 2.—A, Incision from antrum through inflamed segment of 


duodenum. B, Intramural dissection of antral mucosa. C, Com- 


pleted dissection. 


Table 1.—Complications of Duodenal Dissection 
in 128 Cases 


No. (%) of 
Cases 
49 (38.3) 
22 (17.2) 
10 (7.8) 


Complication 


Acute pancreatitis 

Subhepatic abscess 

Subphrenic abscess 

Duodenal blowout 

Respiratory failure 

Renal failure 

Stomal delay >14 days 

Jejunostomy leak, peritonitis 
Duodenocutaneous fistula 
Pancreatocutaneous fistula 

Common duct probing (to guide dissection) 
Small bowel necrosis (secondary to jejunostomy) 
Small-bowel obstruction 

Colocutaneous fistula 

Biliary cutaneous fistula 

Common duct division 

Transverse colon infarction 

Pulmonary emboli (septic) 

Deep venous thrombosis 


(1068 cases) of gastric operations. These rates must be 
multiplied by a factor of 0.12 to reflect the incidence in the 
entire series. Nevertheless, it is important to study the 
subgroup of duodenum-related complications more inten- 
sively since they represent significant risks in the surgery 
of peptic ulcer. 

Sinee the advent of histamine H, receptor-blocking 
agents, patients with peptic ulcers tend to present for 
surgery at a later stage in the disease than formerly, and 
only those patients with the most severe ulcer diathesis 
are likely to be referred to the surgeon. Thus, a high 
proportion of such cases will present technically difficult 


. duodenal problems, and all of them should be considered 


for vagotomy and antrectomy to avoid ulcer recurrence. 
The operation described was conceived as analogous to 
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Fig 3.—A, Posterior sutures. B, Completed gastroduodenal anas- 
tomosis. 





Table 2.—Complications Among 60 Patients 
With Intramural Antral Dissection 








No. (%) of 
Cases 










Complication 
Stomal obstruction >14 days 









Deep venous thrombosis 2 (3.3) 
Pulmonary embolus 1 (1.7) 
Saphenous thrombophlebitis 1( 

1 ( 


Gastric leak following gastrostomy tube removal 





the repair of duodenal injuries by jejunal patch." In 
essence, it is repair of duodenal injury by a gastric patch, 
and it has the additional advantage of entirely avoiding any 
pancreatic dissection and all risk of injury to adjacent 
anatomic structures. Direct gastroduodenal anastomosis 
has been technically simple to accomplish, even in those 
cases with the most severe duodenal scarring and deformity 
with associated severe chronic pancreatitis. 

In conclusion, a significant risk of duodenum-related 
complications from standard Billroth II operations for 
peptic ulcer has been confirmed, and this risk is only 
partially modified by the technique of catheter duodenos- 
tomy. A new technique has been described that eliminates 
most of these dangers by intramural dissection of the 
antrum and duodenum and by direct gastroduodenal anas- 
tomosis. 
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Discussion 


Francis D. Moore, MD, Boston: It was just 48 years ago this 
year that, working with Leland S. McKittrick, MD, we began to 
tussle with the problems associated with duodenal dissection. 

Dr Rodkey’s procedure avoids the back of the duodenum—that 
is the trouble area, as he points out. It keeps you entirely in the 
anterior portion, and, as he doubtless implied, with bleeding, you 
have the crater right there that you can deal with (and be sure 
that it is dry); it is a very appealing and interesting idea because 
we know that the submucosal layers of the gastrointestinal tract 
will form a firm adherence to new serosa laid over them. It 
provides a good stoma, a little bit like a Finney pyloroplasty, 
which in many cases was one of the best procedures. I would like 
to ask if he has ever had trouble developing that little lip of 
posterior proximal duodenum; that must be the touchy part of the 
operation. 

Subtotal gastrectomy was the operation of the residency training 
programs in earlier years. By 1940, we had done some studies 
showing that duodenal stump problems were the source of the 
mortality, and Dr McKittrick began to develop his two-stage 
gastrectomy. He asked Richard Warren, MD, and me to provide 
some back-up on records and so on. Warren promptly went off to 
war, and I was left overwhelmed in a short-handed Massachusetts 
General Hospital. But McKittrick, Moore, and Warren authored 
the paper that finally was published four years later. There were 
many other ways of dealing with the problem. Dr Rodkey has 
discussed these completely; I will not discuss them at all. 

In the two-stage gastrectomy, we simply divided the stomach, 
truned in the antrum, did the proximal gastrectomy, and then 
somewhere between six and 12 weeks later, when the inflammatory 
process had subsided, took out the antrum. The results were 
excellent. We first reported approximately 50 or 60 cases, with 
one death, and the operation was gradually supplanted by many 
other ones, most particularly vagotomy. Vagotomy came along at 
that very time, and our first vagotomy at Massachusetts General 
Hospital was performed in November 1943. The stimulus to that 
was, in part, from the duodenal stump blowout. 


Table 3.—Duodenostomy: Complications and Mortality in 85 
Cases 


No. (%) of Cases by Location 
co aK 


Side 
(n=73) 


10 (13.7) 
12 (16.4) 
7 (9.6) 
3 (4.1) 
9 (12.3) 
7 (9.6) 
4 (5.5) 
3 (4.1) 
3 (4.1) 
1 (1.4) 
1 (1.4) 
1 (1.4) 


End 
(n=12) 


1 (8.3) 
4 (33.3) 
2 (16.7) 
0 (0.0) 
1 (8.3) 
1 (8.3) 
0 (0.0) 
3 (25.0) 
1 (8.3) 
1 (8.3) 
0 (0.0) 
0 (0.0) 


Complication 
Deaths 
Acute pancreatitis 
Abscess, subhepatic 
Abscess, subphrenic — 
Respiratory failure 
Renal failure 
Duodenal blowout 
Stomal delay 
Duodenocutaneous fistula 
Leak from jejunostomy 
Small bowel obstruction 
Abscess, pancreatic 
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Looking back on that old era, there were a couple of interesting 
points. First, as I was reviewing the reports yesterday, the 
mortality (taking all cases) was just as high as it is now. The 
elegant report by Claude Welch, MD, Dr Rodkey, and Paul 
Grisyska, MD, published in the Annals of Surgery (1986;204:454- 
467) last year, reports a shockingly high mortality in subtotal 
gastrectomy for duodenal ulcer. It was also very high back in 
those halcyon days. Today, the ulcers are later with a higher 
incidence of hemorrhage among the indications. The mortality in 
strictly elective cases is about the same in the two eras; therefore, 
we still have those problems, and they are still as pressing. Dr 
Rodkey’s procedure is very timely. 

Second, I would like to remind you all that the two-stage 
gastrectomy taught an absolutely remarkable physiologic lesson. 
We knew of Edkin's antral hormone (described in 1906, later 
identified as gastrin) and we had two patients with jejunal ulcer 
within weeks of the first stage. We talked it over with Dr 
McKittrick, and we simply treated them by taking out the antrum. 
The ulcer healed immediately. Finally, in our report, we described 
seven such cases. Circa 1945 or 1946, I was talking to Lester 
Dragstedt, MD. He said, “I hear that you have these remarkable 
patients.” I was surprised—he does not read the literature. I said, 
"Yes, and now we have several more." He said, *You know, that 
would make a wonderful model for studying gastrin secretion from 
the antrum." So, he was always very generous in giving New 
England some credit for a physiologic observation on ulcer pa- 
tients, from which his studies proceeded, and finally gastrin was 
isolated. 

In eonelusion, I have never used catheter duodenostomy as 
Welch has described. I just never needed to, but I am sure it is 
very useful. However, in stab wounds, bullet wounds, and crushing 
injuries of the duodenum and head of the pancreas (which is in 
some ways the unsolved abdominal injury) in which a touchy 
reconstruction involving the duodenum was required, the resi- 
dents and I have many times put a T-tube in the duodenum and 
put it on suction. In one of Welch's reports, he says that the little 
bit of negative pressure of the drainage from his T-tube helps 
keep that duodenum dry. Indeed, it does, and I recommend that 
you all remember that constant, gentle, negative pressure on the 
duodenum can rescue some otherwise difficult problems. 

C. Newton PEABopy, MD, Framingham, Mass: When Drs 
Welch and Rodkey first promoted the use of catheter duodenos- 
tomy in the management of the difficult duodenal stump, the late 
Reginald Smithwick, a member of the Society, quickly grasped 
the wisdom of the technique for peptic ulcer disease. He then con- 
vinced his colleagues at the Boston University School of Medicine 
of its value. In 1952, the late Maurice Costin, Eugene Gaston, and 
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Lee Kendall, also members of the Society, introduced this safe- 
guard into their surgical practices in Framingham. I maintained 
a registry of those patients who required that procedure until a 
total of 50 cases was reached. At that point, we made the following 
clinical study an expansion of the report we wrote in 1961. 

In the early years, before the introduction of cimetidine, and 
when surgery was the therapy of last resort, a friable, indurated 
duodenum, adherent to adjacent structures, was not an uncommon 
encounter; hence, the need for the catheter duodenostomy, which 
I prefer to categorize as a controlled duodenal fistula. Our study 
of 50 consecutive cases revealed that early in our experience, the 
incidence for its use was 15%, but I must admit that in the last 
decade, its frequency has tapered off. You will note that the 
average hospital stay for patients who had duodenostomy was 13 
days; this compared well with a 12-day stay for a series of patients 
who had undergone pyloroplasty/vagotomy performed by other 
surgeons in the same hospital in about the same time period 
(before diagnosis related groups). Only one patient in this series 
died (mortality rate, 2%). 

Early in the series, subtotal gastrectomy was the procedure of 
choice until the efficacy of the antrectomy and vagotomy was 
appreciated. Long-term follow-up of the patients who just had the 
gastrectomy alone revealed an incidence of 12% of patients who 
went on to develop a marginal ulcer. The “impossible duodenum” 
was a clue to the virulence of that patient’s peptic ulcer disease 
and good reason for the addition of the vagotomy, as Dr Rodkey 
has indicated. We thank Dr Rodkey for showing that there is still 
room for designing techniques that make surgery safer. 

Dr Ropkey: Dr Moore, with respect to the technical question 
of whether there is difficulty developing the duodenal edge for 
anastomosis, that is no problem at all. There is one technical 
problem that I would like to mention to you, that is, the seromus- 
cular layer that is left attached is quite vascular, so you need to 
carefully tie many small bleeders or perhaps coagulate them. I 
think that is the only technical detail that really is worthy of note. 

As to Dr Peabody’s question of whether we have cultured the 
antrum or the duodenal mucosa—no, we have not. We were always 
laboring under the assumption that the gastric mucosa was largely 
sterile, but I guess we are going to have to rethink that. 

Finally, Dr Peabody brought out some of the results of his 
duodenostomy technique. I did do a study of the results of the 
cases of duodenostomy. Table 3 shows complications and mortality 
among the 85 patients in our series who underwent duodenostomy. 
I must say, I was rather surprised at the gamut of problems that 
we had with the duodenostomy, which we had thought of as being 
a fairly effective strategy for dealing with the “difficult duode- 
num.” 


In Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Upper-Airway Surgery for Treating Obstructive Sleep Apnea: Measuring and Predicting 


Success 


Lawrence S. Schoen, PhD; Vinod K. Anand, MD; Sara Weisenberger, RN, MSN 


The effectiveness of upper-airway surgery in treating obstructive sleep apnea was examined in 37 patients. 
All patients received a uvulopalatopharyngoplasty. Some also received tonsillectomies, septoplasties, and 
turbinectomies. The success of the operations was evaluated along three dimensions: a decrease in the number 
of apneas per sleep hour, a reduction in maximum nocturnal oxygen desaturation, and a decrease in daytime 
somnolence. Over 80% of the patients improved on at least one of these factors following surgery. However, 
postoperative intercorrelations among these three variables were relatively low. Furthermore, preoperative 
indexes of apnea severity could not be used to predict the degree of postoperative improvement (Arch 


Otolaryngol Head Neck Surg 1987;113:850-853). 
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Surgical Treatment of Biliary Cystadenoma 


A Report of 15 Cases 


W. David Lewis, MD; Roger L. Jenkins, MD; Ricardo L. Rossi, MD; Lawrence Munson, MD; 
Stephen G. ReMine, MD; Blake Cady, MD; John W. Braasch, MD; William V. McDermott, MD 


e Mucinous biliary cystadenomas are rare intrahepatic or, 
less commonly, extrahepatic neoplasms that may produce 
massive enlargement, hemorrhage, rupture, secondary infec- 
tion, jaundice, or vena caval obstruction. Radiologic criteria 
differentiate biliary cystadenomas from more common para- 
sitic or simple cysts. Treatment has included sclerosis, mar- 
supialization, internal drainage, or resection, but without 
resection the patient is at risk for enlargement, infection, or 
progression of an unrecognized malignant neoplasm. We 
report the course of 15 patients who underwent resection for 
biliary cystadenoma to elucidate the clinical presentation, 
preoperative evaluation, and surgical treatment. Nine patients 
had had previous radiologic or surgical intervention other 
than excision, and complications of sepsis and tumor recur- 
rence had developed. Following complete resection, however, 
only five postoperative complications were encountered, and 
no patient experienced recurrence of tumor. Thus, we recom- 
mend complete surgical resection as the preferred therapy. 

(Arch Surg 1988;123:563-568) 


(ue lesions of the liver are being discovered with 
inereasing frequency as liver imaging with ultraso- 
nography and computed tomography assume more impor- 
tant roles in the treatment of abdominal disorders. Roent- 
genographic characteristics have been defined that allow 
the important differentiation of parasitic from nonparasitic 
neoplastic cysts.! While solitary and multilocular benign, 
nonparasitie cysts are relatively uncommon hepatic neo- 
plasms, true biliary cystadenomas account for only 5% of 
reported cystic lesions.? Simple cysts lined with cuboidal 
epithelium and filled with clear or bile-stained fluid are to 
be distinguished from biliary cystadenomas, which have a 
more distinctive radiologic and pathologic configuration. 
The hallmark of a cystadenoma is the presence of columnar- 
lined papillary infoldings in simple or multiloculated lesions 
reminiscent of similar lesions found in the pancreas and 
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ovary Ultrasound and computed tomography both dem- 
onstrate fluid-filled lesions with internal septation and 
peripheral internal nodularity consistent with the papillary 
infoldings. Malignant biliary cystadenocarcinomas may be 
impossible to distinguish radiologically and have been 
reported in lesions previously considered to be benign.?^ 

Interest in cystic lesions of the liver has led to the 
proposal of algorithms for radiologic or surgical manage- 
ment that include simple aspiration, marsupialization, 
internal drainage, and resection.* Crucial to the appropri- 
ate treatment of these lesions is the ability to differentiate 
cystadenomas from the more common simple liver cysts. 
This report outlines the clinical presentation and treatment 
of 15 patients who had biliary cystadenomas, with emphasis 
on the importance of resection. 


PATIENTS AND METHODS 


The case records of all patients with histologically proved biliary 
cystadenomas resected by surgeons from the New England 
Deaconess Hospital, Boston, and Lahey Clinic Foundation, Bur- 
lington, Mass, from January 1982 through July 1987 were retro- 
spectively reviewed. Data retrieval included presenting com- 
plaints, previous attempts at treatment, radiologic evaluation, 
final operative treatment, and verification of the pathologic diag- 
nosis. Information on patient follow-up was obtained from physi- 
cian or direct patient contacts. No patients with histologically 
proved biliary cystadenomas were excluded from the study. 


RESULTS 


During the 67-month period reviewed, 15 patients met 
the criteria for inclusion in this study (Table). Thirteen 
(87%) of the 15 patients were women, with an overall 
median age at presentation of 41 years (range, 21 to 71 
years). 


Symptoms 


Abdominal pain was the most common presenting com- 
plaint, occurring in 80% of the patients. 


Presenting No. of 

Sign or Symptom Patients 
Abdominal pain 12 
Sepsis/cholangitis 
Lower-extremity edema 
Abdominal mass 
No symptoms or complaints 
Nausea/vomiting 
Hepatic failure 
Intracystic hemorrhage 


m Im re DO DO pO 4 
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Only two patients were free of symptoms at the time of 
discovery and resection of their cystadenomas, while six 
patients presented with two or more symptoms. The 
median duration of symptoms was 16 months (range, one 
to 48 months). Two patients presented with bilateral lower- 
extremity edema secondary to complete inferior vena cava 
obstruction from the expanding cystic lesions (Figure). 
Although none of our patients presented with jaundice 
from tumor-associated obstruction of the biliary tree, the 
patient who underwent liver transplantation (patient 7) 
was jaundiced from coexisting end-stage sclerosing chol- 
angitis and portal vein thrombosis. The 4-cm biliary cyst- 
adenoma in this patient was noted on preoperative com- 
puted tomography and was removed with the diseased 
liver at the time of recipient hepatectomy. In one patient 
(patient 6), who had previously undergone unsuccessful 
internal drainage into a Roux-en-Y limb of intestine, 
recurrent bouts of sepsis developed following percutaneous 
external drainage. An extended left hepatic lobectomy was 
required to remove the tumor and control sepsis. Another 
patient (patient 13), who had previously undergone mar- 
supialization and external tube drainage, experienced re- 
current bouts of sepsis, prompting complete resection of 
the cystic lesion for control of sepsis. 


Preoperative Studies 


All the patients underwent at least two major radiologic 
studies prior to exploration. The most useful preoperative 
radiologic procedures were computed tomography and 
ultrasonography, performed in 14 and 13 patients, respec- 
tively. 


No. of 
Radiologic Study Patients 

Computed tomography 14 
Ultrasonography 13 
Arteriography 12 
Endoscopic retrograde 

cholangiography 3 
Percutaneous transhepatic 

cholangiography 1 
Liver-spleen scan 1 
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L 2 67 
C 13 33 
L 65 31 
Liver transplant Died Died 
9/36/M Right lobe 10 Marsupialization of cyst 10 19 
11/55/F Right lobe 24 Right hepatic lobectomy 14 16 
13/32/F Left lobe 12 Hepatic cystectomy 12 5 
15/38/F Left lobe 18 31 1 ME i 


Left trisegmentectomy 


N-. m" E ; 


Patient Characteristics 
Patient No./ Location 


Duration of Duration of 
Age, y/Sex of Tumor Tumor Size, cm Treatment Hospital Stay, d Follow-up, mo 
1/51/F Left lobe 6 eft lateral segmentectomy 1 


ft lateral segmentectomy 


4/42/F Right lobe 6.5 Wedge resection of cyst 19 44 
5/50/F Central 25 i i 


entral hepatic resection 


6/63/F Left lobe 8 eft trisegmentectomy 
7/25/M Porta hepatis 4 





Ultrasonography often demonstrated the fine septations 
and solid papillary invaginations within the cystic lesions, 
even when they were not evident on computed tomograms. 
One multiloculated lesion demonstrated mural calcifica- 
tions (patient 10), although results of serologic tests for 
echinococcal disease remained negative. Selective celiac 
and superior mesenteric arteriographic studies were car- 
ried out in 12 patients to assess vascular supply prior to 
planned operative resection. Seven patients clearly dem- 
onstrated the angiographic characteristics of hypovascu- 
larity, with stretching and displacement of the surrounding 
vessels and peripheral clusters of neovascularity Wd 
sponding to the papillary infoldings. Endoscopic ret 
grade cholangiography showed luminal narrowing of the 
proximal extrahepatic biliary tree in two cases and com- 
munication with the intrahepatic biliary tree in one case. 


Treatment 


As outlined in the following tabulation, eight patients 
had undergone previous surgical or radiologic interven- 
tions for their tumors, including partial resection (patients 
3 and 6), internal drainage (patients 5 and 6), marsupiali- 
zation (patients 5, 13, and 14), one or more attempts at 
aspiration (patients 5, 6, 9, 13, and 15), and sclerosis 
(patient 10): 


Previous Surgical or No. of 
Radiologic Intervention Patients 
Pereutaneous drainage T 
Marsupialization 3 
Partial resection 2 
Internal drainage 2 
Sclerosis 1 


In each instance the procedures were performed by refer- 
ring physicians and were complicated either by sepsis or 
eventual tumor recurrence. 


Report of Cases 


More specific details on the clinical courses of patients 
who underwent multiple interventions are given below. 

Case 3.—This patient underwent partial resection of a 
cystadenoma of the left lateral segment of the liver in 1981 
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Patient 2. Giant biliary cystadenoma in right lobe of liver, causing 
inferior vena caval thrombosis. Top left, Computed tomographic 
scan, demonstrating cystic lesions with internal septations. Top 
right, Preoperative iliac venogram, demonstrating chronic occlusion 
of inferior vena cava with retroperitoneal collateral formation. 
Bottom left, Resected specimen opened to demonstrate internal 
septations and papillary projections. Bottom right, Histologic dem- 
onstration of flattened lining columnar epithelium overlying mes- 
enchymal stroma (hematoxylin-eosin, original magnification x 10). 





but presented three years later with nausea, vomiting, and 
a 11.25-kg weight loss. Computed tomography demon- 
strated enlargement of the irregularly calicified cystic 
lesion, prompting reexploration. More extensive resection 
of the remaining portion of the left lateral segment of the 
liver was carried out, with preservation of the uninvolved 
medial segment. 

Case 5.—This patient underwent attempted percuta- 
neous aspiration of a large cystic mass in the right central 
portion of the liver, complicated by bile peritonitis. At the 
time of emergency exploration, internal drainage into a 
loop of jejunum was performed following extensive division 
of internal septations. Three years later the cystic mass 
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recurred in the right lobe of the liver, with symptoms of 
pain, prompting a second attempt at internal drainage 
into the jejunal loop. One year later in 1984, a painful en- 
larging lesion was again demonstrated, in a more central 
location within the liver. Endoscopic retrograde cholangi- 
ography confirmed communication with the left hepatic 
duct. The patient underwent complete resection of the 
centrally based lesion with ligation of the biliary ductal 
communieation and was asymptomatic until the time of 
this report. 

Case 6.— This patient presented with partial biliary 
obstruction in 1971, with a finding of a 2-em pedunculated 
cystadenoma originating from the posterior wall of the 
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bifurcation of the left and right bile ducts. Following simple 
resection of the lesion with common duct closure, the 
patient was asymptomatic until 1982, when she presented 
with a large multiloculated cystic lesion that had replaced 
the left lobe of the liver. Percutaneous external drainage 
was carried out on three occasions, with only transient 
decreases in the size of the lesions. In 1984, Roux-en-Y 
cystojejunostomy was carried out after internal septations 
within the lesion were divided. Recurrent bouts of gram- 
negative bacteremia ensued, leading to placement of an 
external drainage catheter within the dominant cyst and 
referral for resection. An extended left hepatic lobectomy 
was carried out, with biliary reconstruction by hepatico- 
jejunostomy. A traction injury to the remaining right 
hepatic artery required resection and primary end-to-end 
arterial reconstruction. The patient’s postoperative course 
was complicated by Candida septicemia, which required 
prolonged treatment with amphotericin B before she was 
discharged. Sonographic study results had remained neg- 
ative for recurrence for three years following resection. 

Case 9.—This patient obtained transient symptomatic 
relief after aspiration of a tender right upper quadrant 
cystic mass in March 1984 but presented with recurrent 
pain eight months later. She underwent exploration with 
marsupialization of the septated cystic mass followed by 
omentopexy to the remnant of the lesion. This was the 
only case in which incomplete resection was employed, and 
at the time of this report there had been no evidence of 
recurrent expansion of the cystadenoma. 

Case 10.—An elderly patient underwent radiologic as- 
piration of a tender right upper quadrant cystic lesion and 
attempted sclerosis by intralesional alcohol injection. Pain 
recurred within two months, and the patient was subse- 
quently readmitted, at which time a 10-cm biliary cystad- 
enoma was resected, with complete relief of symptoms. 

Case 13.—This patient presented with fever, pain, 
jaundice, and weight loss. Ultrasound demonstrated cho- 
lelithiasis and a septated cystic lesion in the liver. She 
underwent cholecystectomy and external marsupialization 
of the cystadenoma, which resulted in relief of symptoms 
for three years. When pain in the right upper quadrant 
recurred, she underwent aspiration of the tumor contents 
guided by computed tomography; this resulted in relief of 
symptoms but was complicated by the development of an 
external biliary fistula. At reexploration, the lesion was 
easily shelled out of the hepatic parenchyma, with minimal 
loss of normal liver tissue and resolution of all symptoms. 

Case 14.—A 21-year-old woman underwent marsupiali- 
zation of a septated cystic lesion in the right lobe in October 
1984. Pain in the right shoulder prompted an ultrasound 
study, which demonstrated recurrence of the cystic lesion 
to a size of 18 em. In May 1987 she underwent reexploration 
for resection. Dense adhesions from the previous marsu- 
pialization necessitated the removal of a small segment of 
the diaphragm with the cystic lesion, which otherwise was 
easily shelled out of the liver without any loss of hepatic 
parenchyma. 

Eight of the 15 biliary cystadenomas were located in the 
right lobe of the liver, five were located in the left lobe, 
one extended into the medial portions of both lobes, and 
one presented in the porta hepatis (Table) The tumors 
ranged in size from 4 to 25 cm. Histologic examination 
confirmed biliary eystadenoma in all patients. 


Surgical Procedures 


The surgical procedures performed are outlined in the 
Table. Three patients required trisegmentectomies for 
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complete removal of the lesions, while one patient under- 
went an extensive central hepatic resection for a centrally 
located cystadenoma. Two patients underwent formal right 
hepatic lobectomy, and two underwent left lateral segmen- 
tectomy only. In five instances it was possible to perform 
limited resections of the encapsulated cystic lesions with- 
out extensive removal of hepatic parenchyma. One patient 
underwent orthotopic liver transplantation; he had well- 
documented sclerosing cholangitis with cavernous trans- 
formation of the portal vein and required venous recon- 
struction at the level of the superior mesenteric vein to 
establish portal inflow to the liver allograft. Only patient 
9 underwent incomplete resection of the biliary cystade- 
noma. This occurred because the lesion was not recognized 
intraoperatively as a cystadenoma. 

As a result of the slow displacement of liver substance 
by the enlarging neoplasms, even the more extensive liver 
resections were easily carried out, with sizeable liver 
remnants left behind. Intraparenchymal vascular and bil- 
lary structures were distorted by the cystadenoma but 
were amenable to simple operative control. 


Patient Follow-up 
Postoperative complications were rare in this series; only 


five patients incurred significant morbidity from resec- 
tional therapy. 


Postoperative No. of 

Complication Patients 
Biliary leak 2 
Postoperative hemorrhage 1 
Intra-abdominal abscess 1 
Perioperative death 1 


The single perioperative death occurred in patient 7 follow- 
ing orthotopic liver transplantation and was secondary to 
immediate nonfunction of the hepatic allograft; death was 
related to acute hepatic failure. Postoperative hemorrhage 
(patient 8) required reexploration in one instance for 
control of an injured right adrenal vein. An intra-abdominal 
abscess in one patient (patient 6) required operative drain- 
age, while biliary leaks in two patients (patients 2 and 15) 
healed without further intervention. 

The median duration of hospital stay for all patients was 
13 days (range, eight to 65 days). The median duration of 
follow-up was 20 months (range, one to 67 months). At this 
writing, no patient had yet demonstrated recurrence of 
symptoms or had radiologic evidence of tumor regrowth. 


COMMENT 


The first documented case of biliary cystadenoma with 
resection was reported in 1892 by Keen, and a total of 71 
cases have been reported to date.***? The largest series 
was reported by Wheeler and Edmundson’ and included 
13 cases of cystadenoma and four cases of cystadenocarci- 
noma. These tumors most frequently arise within the 
hepatic parenchyma but have occasionally been reported 
in the extrahepatic biliary tree and gallbladder? The 
collective series of biliary cystadenoma show a marked 
female predominance (8396), with a median age at presen- 
tation of 47 years (range, 19 to 84 years). The majority of 
these tumors were found in the right lobe of the liver and 
ranged from 1 em to almost 40 em in diameter. 

Asymptomatic biliary cystadenomas may be found dur- 
ing diagnostic radiologic procedures or surgical exploration 
for unrelated conditions. Of those symptomatic at presen- 
tation, the majority of patients complain of abdominal 
distention with or without varying degrees of pain. Less 


Biliary Cystadenoma—Lewis et al 


t 


ue 


a 





A 


frequently, patients present with painful intracystic hem- 
orrhage or rupture or fever from secondary infection. 
Rarely, jaundice may be the chief presenting complaint 
from biliary obstruction. As demonstrated by two of the 
patients in the current series, occasionally the presenting 
complaint is lower-extremity edema secondary to inferior 
vena caval thrombosis, because of the unique location of 
the tumor masses. ° 

The preoperative evaluation of patients with eystic le- 
sions of the liver must differentiate a number of fluid- 
containing intrahepatic lesions. The differential diagnosis 
includes biliary cystadenomas, biliary cystadenocarcino- 
mas, hepatic abscesses (including bacterial, amebic, and 
echinococcal lesions), metastases with cystic degeneration, 
Carolis disease, posttraumatic cysts, and polycystic dis- 
ease. The radiologic appearance of biliary cystadenomas is 
fairly specific, often allowing for accurate preoperative 
diagnosis. Ultrasonography classically outlines an anechoic 
mass with internal septations that are highly echogenic.*" 
Computed tomography demonstrates a smooth, thick- 
walled cyst with thin internal septations. "2 If angiography 
is performed preoperatively to clarify the hepatic arterial 
anatomy, the tumor is seen as a hypovascular mass with 
displacement of regional blood vessels and a tumor blush 
at the periphery corresponding to papillary infoldings.'*/* 
Percutaneous transhepatic cholangiography is less fre- 
quently used in the diagnosis of biliary cystadenomas, but, 
when performed, it may show the specifie findings of 
nonopacification of an intramural or intraluminal mass.'* 
Except in the rare case of biliary cystadenomas that 
present with jaundice, endoscopic retrograde cholangio- 
pancreatography is less valuable in the evaluation of these 
tumors. Preoperatively, cystadenomas have been mistaken 
for intrahepatic echinococcal cysts.'* In the great majority 
of cases, serologic studies will help differentiate these two 
lesions. 

The pathologic characteristics of these tumors are well 
outlined in the review by Wheeler and Edmundson.’ 
Briefly, on gross examination the lesions have thin, glisten- 
ing multiloculated walls, often with focal bile staining. 
Microscopically, the cysts are lined by a single layer of 
cuboidal-to-tall columnar epithelial cells with a basement 
membrane, occasionally with focal ulcerations and polypoid 
growths. These cysts frequently contain liquid, which may 
range from clear to opaque and from serous to mucinous, 
with bile or hemosiderin staining. 


Many theories have been proposed for the origin of 
biliary cystadenomas, including development from ectopic 
rests of primitive foregut sequestered within the liver.” 
The occasional association with anamolous bile ducts sup- 
ports the possibility of a congenital origin for the lesions.” 
Many investigators, however, consider biliary cystadeno- 
mas to be neoplastic because of their multilocular nature 
along with dense cellular walls and copious secretions.” 

It has been suggested that malignant biliary cystade- 
nocarcinomas may arise from benign cystadenomas.**” 
Unfortunately, the two lesions may be difficult to distin- 
guish on the basis of preoperative radiologic investigation. 
The presence of a significant solid component in the wall 
or next to the cystic process should highlight the possibility 
of malignancy and the need for more radical surgical 
extirpation. Small foci of carcinoma in an otherwise large 
cystadenoma may not be amenable to reliable diagnostic 
exclusion by needle biopsy because of inaccurate sampling. 
Needle biopsy guided by ultrasound or computed tomog- 
raphy may more accurately identify malignant tissue be- 
fore surgery in those situations in which a solid component 
can be identified in association with the cystic lesion.” 
Incomplete excision of biliary cystadenocarcinomas usually 
leads to progressive invasion of the liver substance and 
surrounding tissues, with eventual death from liver re- 
placement or widespread metastases.’ 

Treatment of biliary cystadenomas has included aspira- 
tion, sclerosis, marsupialization, internal drainage, and 
partial or total excision. The collective literature, including 
the present series, strongly favors complete excision. Any 
therapy short of complete excision of these tumors leaves 
the patient at significant risk for progressive symptomatic 
enlargement, secondary infection and sepsis, and possible 
malignant transformation. Although an enlarging biliary 
cystadenoma may appear to replace a significant amount 
of normal liver tissue, the advancing front tends to preserve 
the intrahepatic biliary and vascular radicles in a distorted 
fashion, with minimal loss of functioning liver parenchyma. 
Although formal lobar resection or partial wedge resection 
of liver substance is often carried out to remove these 
lesions, experience has taught us that simply shelling out 
the wall of the lesion from the liver substance is just as 
effective and may avoid the need for intraoperative blood 
transfusion. Whatever method is employed by the treating 
surgeon, it is clear that complete removal of the neoplastic 
lesion is the treatment of choice. 
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Discussion 


. GEORGE L. Narpi, MD, Boston: There have been two case 
reports of the experience of the Massachusetts General Hospital, 
Boston, with biliary cystadenomas, one in 1976* and one in 1985.! 
The surgeon in the first case report, Ronald A. Malt, MD, 
accomplished an excellent operation by excising the lesion despite 
the unavailability of modern imaging techniques. In the case 
report in 1985,! there was a splendid discussion by Dr Jenkins 
with all kinds of pretty pictures and imaging, but marsupialization 
had been performed by the treating physicians. There were 
palpable abdominal masses in both patients, who were women in 
their 30s. They were both taking birth control pills, which 
apparently have nothing to do with this type of lesion. Both lesions 
were in the left lobe of the liver. 

Some points should be learned and be emphasized: All the 
malignancies apparently have been found to have some benign 
epithelium in them, suggesting origin from cystadenomas. Most 
cystadenocarcinomas have been intrahepatic, not extrahepatic. It 
is important to make the diagnosis before surgery, and you can 
hardly escape it, because I think everybody undergoes an ultra- 
sound examination these days. If you cannot tell what the lesion 
is at operation, if it looks cystic, it may be better not to do 
anything. It may not be a simple cyst; you cannot tell at operation— 
you have to be able to tell preoperatively. The last lesson is that 
biliary cystadenomas should be resected, not marsupialized, as 
the authors point out. 

Dr McDerworr: It is obvious to all of us that this is a very rare 
tumor, and it has taken the combined experience of many authors 
to put together enough cases to be worthy of any conclusive 
scrutiny I think we can draw some tentative conclusions: (1) 
Despite all the discussion over the years as to the cause of this 
tumor, I am quite certain that it is neoplastic, not developmental 
or congenital. (2) The site of origin is the biliary tract, either in a 
major or minor ductal arborization. (3) It should be treated as a 
neoplasm, although the likelihood of malignancy is small. 

It is essential that one do nothing beyond noninvasive studies 
until one is ready to operate on the tumor. Needle aspiration can 
be disastrous. 

I handled the last case in the series (patient 15). The tumor had 
been needle-aspirated; classic “bile peritonitis” with endotoxemia 
and shock developed, and the patient had a very serious problem 
at another hospital before her condition stabilized and she was 
referred. At operation, she had multiple loci of infected bile 
collections, massive grumous exudate on the bowel, and extensive 
recent adhesions; she also weighed 157.5 kg and smoked two packs 
of cigarettes a day. Her tumor arose from her left hepatic duct, 
and although it was very large, it could be resected with the loss 
of a minimum of hepatic parenchyma. As you run your hand over 
one of these lesions, it separates from the liver tissue and the bile 
ducts leading out of it are stretched and can be visualized, but the 
likelihood of at least temporary postoperative bile fistula is very 
high. 

JAMES H. Foster, MD, Farmington, Conn: I would like to make 
three points about these rare tumors: 


1. The appearance of septa with imaging may not be pathogno- 
monic of cystadenoma. Even benign simple cysts enlarge around 
major vessels and ducts, which then appear as sharp ridges within 
the cyst. 

2. Two clues that help differentiate cystadenoma from multiple 
simple cysts are that you will find areas of velvety lining in the 
adenomas and that the multiple loci are contiguous and often 
contain different-colored fluid. With multiple simple cysts there 
may be normal liver between the lesions, and the fluid is usually 
clear. 

3. My last point relates to the method of resection. In three 
instances in my experience, the cystadenomas have been so central 
and so huge that I have enucleated them using blunt technique, 
with no recurrence to date (minimum follow-up, three years). Do 
the authors agree that enucleation is sufficient to prevent recur- 
rence as long as all the mucosal lining is removed? 

ANDREW L. WansHAW, MD, Boston: My question concerns my 
one experience with a biliary cystadenoma. That tumor arose 
entirely from the extrahepatic common bile duct. The patient 
presented with obstructive jaundice and had a massive lesion in 
the midportion of the bile duct, just below and at the cystic duct. 
It was treated by excision of the bile duct and Roux-en-Y 
reconstruction. I do not see that variant in your series, but I think 
it does emphasize the point that this is a biliary ductal lesion 
rather than a hepatic lesion. 

DR JENKINS: We are seeing a growing number of unusual liver 
lesions; this is probably related to our expanding experience with 
liver transplantation. 

With respect to Dr Nardi's comments, I had the good fortune to 
participate in the discussion of that second case report.! During 
this time we were developing an interest in biliary cystadenomas, 
and I thought it was quite an easy diagnosis to make. As I see the 
patient referral patterns, however, it is quite clear that this is not 
always the case. 

I agree fully with Dr McDermott’s comments about resection 
and also with Dr Foster's suggestions. I think enucleation is very 
important and can be carried out 80% to 90% of the time. A 
patient who recently underwent enucleation had no loss of liver 
substance and no blood transfusions and went home with a 
hematocrit of 0.30 (3096). Enucleation can be readily done with 
the help ofthe Bookwalter retractor. The bile duct communications 
bowstring out very nicely and are easily ligated. There have not 
been any biliary leaks in the four patients in whom I have 
performed enucleation. 

We did have one case, Dr Warshaw, of origin from the extrahe- 
patic bile duct (patient 6). This occurred in a patient who presented 
to us five years after previous surgery with incomplete local 
excision of a cystadenoma in the common hepatic duct and required 
an extended left hepatic lobectomy. I echo your comments that 
biliary cystadenomas can arise from the extrahepatic bile ducts 
on oecasion and may need to be dealt with in a more aggressive 
fashion. 


In Other AMA Journals 


AJDC 


Munchausen's Syndrome by Proxy and Its Professional Participants 
Basil J. Zitelli, MD; Miriam F. Seltman, MSW; Rose Mary Shannon, RN, MN 


Physicians and legal and protective service agencies may unwittingly participate in Munchausen's syndrome 
by proxy (MSP) when they fail to recognize MSP, treat the true disorder, and effect a favorable outcome for the 
child. Five patients with MSP are described, emphasizing a variety of presentations, often with a delay in 
diagnosis. In addition, features in the family unit are identified to aid in early recognition of the disorder, and a 
management protocol used at Children's Hospital of Pittsburgh is presented. Finally, the need for better care, 
recognition, and reporting to help determine the true incidence of the disorder and aid in educating involved 


professionals is emphasized (AJDC 1987;141:1099-1102). 


Reprint requests to Children's Hospital of Pittsburgh, One Children's Place, 3705 Fifth Ave at DeSoto St, Pittsburgh, PA 


15218 (Dr Zitelli). 
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Surgically Incurable Well-Differentiated 


Thyroid Carcinoma 


Prognostic Factors and Results of Therapy 


Ricardo L. Rossi, MD; Blake Cady, MD; Mark L. Silverman, MD; Marvin S. Wool, MD; 
Stephen G. ReMine, MD; Mary Beth Hodge, MD; Ferdinand A. Salzman, MD 


e Aseries of 97 consecutive patients with well-differentiated 
thyroid carcinoma treated between 1941 and 1970 presented 
with distant metastatic disease or extensive nonresectable 
local neck disease or had residual carcinoma after thyroid 
resection. Men 40 years of age or younger and women 50 
years of age or younger were considered at low risk for dying 
of disease; older patients were considered at high risk for 
dying of disease. Of 17 patients with distant metastatic 
carcinoma, 4096 of younger patients in the low-risk group and 
92% of older patients in the high-risk group died. Of 80 patients 
with unresectable or residual local neck cancer, only 13% of 
younger patients but 71% of older patients died. Survival 
related better to risk group classification as defined by age 
and sex than to any details of disease presentation or man- 
agement. Treatment was far more successful in patients in the 
low-risk group. 

(Arch Surg 1988;123:569-574) 


Pros reviews of our experience with well-differenti- 
ated thyroid carcinoma’ have demonstrated that patient 
outcome is related to age on presentation of the disease, 
extent of the disease (intraglandular disease, extraglandular 
invasion, extent of capsular invasion), size of the tumor, and 
ability to remove all clinically apparent disease. On the other 
hand, lymph node involvement did not appear to affect long- 
term survival. 

We reviewed our experience with patients in whom all 
apparent disease could not be removed with surgery because 
the patient presented with distant metastatic disease, pre- 
sented with massive unresectable neck disease and had a 
biopsy only, or underwent resection but with residual disease 
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Table 1.—Surgically Incurable Differentiated Thyroid 
Carcinoma, 1941 to 1980: Presentation and Survival 


No. (%) of 
Patients Who 
Died of 













No. of 





Type of Carcinoma Disease 


Lymph nodes 14 3 (21) 


left in the neck at operation. We studied the clinical and 
pathologic factors that affect survival and the influence of 
different therapeutic modalities. 


PATIENTS AND METHODS 


Between 1931 and 1980, 940 patients with well-differentiated 
thyroid carcinoma received initial therapy at the Lahey Clinic 
Medical Center, Burlington, Mass. We analyzed a subset of 97 
consecutive patients with surgically incurable well-differentiated 
thyroid carcinoma who were treated between 1941 and 1980. These 
patients presented with distant metastatic disease or extensive 
nonresectable local neck disease or had residual carcinoma after 
thyroid resection. Follow-up was complete in 96 of 97 patients for a 
minimum of five years and as long as 27 years. 

Patients were considered dead of disease if they died of the 
disease, were last seen or died of other causes with active disease, 
were unavailable for follow-up, or were operative deaths. Other 
patients were determined to have died of other causes or were free 
of disease for at least five years after therapy. 

Follicular carcinoma without papillary elements was defined as 
pure follicular carcinoma pathologically. A tumor with any papillary 
elements was defined as papillary carcinoma as previously de- 
scribed.! 

In our previous reviews" of patients with thyroid carcinoma, we 
described two major risk groups in patients with thyroid carcinoma. 
Men 40 years of age and younger and women 50 years of age and 
younger were considered to be in a low-risk group. Older patients 
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Table 2.—Differentiated Thyroid Carcinoma: 17 Patients 
Presenting With Distant Metastasis 





No. (%) of 
Patients Who 
No. of Died of 
Patients Disease 
Risk Group 
Low risk 5 2 (40)* 
High risk 12 11 (92)* 
Total 17 13 (76)t 
Site of Metastasis 
Pulmonary 101 6 (60) 
Other 78 7 (100) 
*P = 055. 


tMedian survival time, six months (range, one to 69 months). 

tO! five patients in the high-risk group, four died of disease; of five patients 
in the low-risk group, two died of disease. 

§All patients were in the high-risk group. 


were considered to be in a high-risk group. This categorization was 
based on significant differences in probabilities of death from 
recurrent carcinoma and has been continued in the present study. 

Actuarial analysis of adjusted survival patterns was carried out 
by the Kaplan-Meier product-limit method in overall groups of 
patients with distant metastasis or with thyroid carcinoma localized 
to residual neck disease only. Differences in survival patterns of low- 
risk and high-risk subgroups were analyzed for each overall group. 
Statistical significance of differences in survival distribution was 
evaluated by logrank analysis. 

The influence of multiple factors on survival was estimated by 
univariate comparison of the existence of these factors and the 
occurrence of death within 27 years after primary treatment. 
Analysis of these factors relating to death was determined by 
contingency table analysis by the Miettinen modification of the 
Fisher exact test. 

All P values are two tailed. Statistical significance was indicated 
by P<.05, with expression of exact P>.001 indicating possible 
approach to significance. 


RESULTS 


The 97 consecutive patients treated from 1941 through 
1980 were followed up for five to 27 years or until death. 
Sixty-six were women and 31 were men. Follicular carcinomas 
were present in 24% of patients, and papillary carcinomas 
were found in 7656 of patients. 

Initial clinical presentation and patient outcome are shown 
in Table 1. The survival rate for patients who presented with 
unresectable neck disease was significantly better than for 
patients who presented with distant metastases (P =.01). 
Nodal involvement was associated with longer survival. 

At operation it was discovered that disease involved the 
thyroid gland and extraglandular and soft tissues in 79 
patients (81%), the trachea in 44 patients (45%), and the 
recurrent laryngeal nerves in 20 patients (21%). Nodes were 
present in the neck in 55% of patients and in the mediastinum 
in 2156 of patients. 

A biopsy only was performed in 15 patients (15%), 
unilateral lobectomy in 16 patients (16%), bilateral thyroid- 
ectomy in 66 patients (6896), and nodal dissection in 40 
patients (41%). Nodal dissection was radical in 21 patients, 
modified in seven, and limited in 12. Operation resulted in 
death in four patients (4%) early in this series, but no 
Operative deaths have occurred since 1950. The most 
common postoperative complications were airway obstruc- 
tion in five patients (5%), two of whom required tracheos- 
tomy; wound infection, bleeding, and hypoparathyroidism 
in three patients each (3%); seroma and unilateral vocal 
cord paralysis in two patients each (2%); and wound 
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Table 3.—Differentiated Thyroid Carcinoma: 80 Patients With 
Residual or Unresectable Local Neck Disease* 


Median 


No. (96) of Survival of 
Patients Who Patients Who 
No. of Died of Died of Disease, 
Group Patients Disease 

















Low risk 38 5 (13)f 8 (1 mo-12 y) 
High risk 42 30 (71)f 2 (1 mo-14 y) 


*Of 37 patients with tracheal wall invasion, two (1196) of 18 in the low-risk 
group died of disease and 15 (79%) of 19 in the high-risk group died of 
disease. 

tP<.001. 






dehiscence, superior laryngeal nerve palsy, pulmonary 
















emboli, chylous fistula, and tracheoesophageal fistula in ^ 


one patient each (196). 

For data analysis, the patients were evaluated in two 
groups: 17 patients who presented with distant metastatic 
disease and 80 patients who presented with surgically 
incurable neck disease only. 


Distant Metastatic Disease 


Sites of involvement in 17 patients with metastatic 
disease at presentation were lungs in ten patients, bone in 
four, liver in two, brain in one, and other sites in two. 
Thirteen patients (7696) died of disease at a median follow- 
up time of six months (range, one to 69 months) (Table 2). 
As of this writing, four patients are alive without disease 
at 10, 11, 15, and 19 years' follow-up, respectively. Six of 
eight patients with follicular carcinoma and seven of nine 
patients with papillary carcinoma died of disease. Of the 
ten patients who presented with pulmonary metastasis, 
four survived; all patients with metastasis to liver, bone, 
and brain died of disease. Patients in the low-risk group 
had a lower death rate from disease than patients in the 
high-risk group (P —.05). Adjusted survival rate is shown 
in Fig 1. 

Surgical treatment consisted of biopsy only in five 
patients, unilateral thyroid lobectomy in four, and bilateral 
thyroidectomy in eight. Nodal dissection was performed in 
five patients. One pulmonary resection was performed and 
resulted in a disease-free 11-year survival. External radi- 
otherapy was given in seven patients, and radioiodine and 
thyroid hormone were given in six patients each. Five 
patients had intraglandular thyroid involvement, four 
(80%) of whom died of disease; 12 patients had thyroid and 
extraglandular neck involvement, nine (7596) of whom died 
of disease. Of the 13 deaths, two were secondary to 
uncontrolled local neck disease, and 11 were secondary to 
distant metastatic disease. 

Of the eight patients with follieular carcinoma and 
metastatic disease, four received radioiodine, while of the 
nine patients with papillary carcinoma and metastatic 
disease, only two received radioiodine. All three patients 
in the high-risk group treated with radioiodine died of 
disease, while two of the three patients in the low-risk 
group treated with radioiodine were long-term survivors 
at 19 and 28 years, respectively, after therapy. Eleven 
patients with metastatic disease did not receive radioio- 
dine; eight of the nine patients in the high-risk group died 
of disease, and one of the two patients in the low-risk group 
died of disease. 

Of the three patients in the high-risk group who received 
thyroid hormone, two died of disease, but none of the three 
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Fig 1.—Adjusted survival distribution of patients with distant 
metastatic disease. Median survival times were as follows: all 
patients, 22.4 months; high-risk group, 19.0 months; and low-risk 
group, median survival time not reached at 28 years. High-risk vs 
low-risk logrank, P=.09. Vertical markers indicate censoring due 
to varying periods of follow-up. 


' patients in the low-risk group who received thyroid hor- 


mone died of disease. The nine patients in the high-risk 
group and the two patients in the low-risk group who did 
not receive thyroid hormone died of disease. 


Neck Disease Only 


Of 80 patients with surgically incurable local disease in 
the neck, 45 presented with a thyroid mass, 27 (60%) of 
whom died of disease, and 35 presented with a thyroid 
mass and involved neck nodes, eight (23%) of whom died 
of disease (P<.001). Of the 35 patients who presented with 
nodal disease, 75% were in the low-risk group, while of the 
45 patients without nodal disease, only 28% were in the 
low-risk group. 

A biopsy only was performed in ten patients, eight (80%) 
of whom died of disease at a median follow-up time of 14 
months (range, one to 15 months). Surgical treatment 
consisted of unilateral thyroid lobectomy in 11 patients, 
five (45%) of whom died of disease; bilateral thyroidectomy 
in 59 patients, 21 (36%) of whom died of disease: and nodal 
dissection in 33 patients, eight (24%) of whom died of 
disease. The differences in survival rates were statistically 
significant among all these treatment groups, except 
among patients without nodal dissection who had either 
unilateral lobectomy or bilateral thyroidectomy (P =.29). 
Tracheostomy was performed in five patients, four of whom 
were in the high-risk group and one of whom was in the 
low-risk group. 

Of all patients with surgically incurable neck disease, 35 
(44%) died of disease at a median follow-up time of two 
years (range, one month to 12 years); as of this writing, 37 
patients (46%) are alive without evidence of disease with a 
median follow-up period of 18 years (range, five to 29 
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Fig 2.—Adjusted survival distribution of patients with surgically 
incurable neck disease. Median survival times were as follows: all 
patients and low-risk group, median survival time not reached at 
29 years; high-risk group, 74.0 months. High-risk vs low-risk 
logrank, P<.001. Vertical markers indicate censoring due to 
varying periods of follow-up. 


years); eight patients died without evidence of disease at 
a median follow-up period of seven years (range, five to 24 
years). Of 38 patients in the low-risk group (Table 3), only 
five (13%) died of disease at one month and at 3, 8, 12, and 
12 years follow-up, respectively; as of this writing, 33 
patients (8796) in the low-risk group are alive at a median 
follow-up time of 17 years (range, five to 29 years). Of the 
42 patients in the high-risk group, 30 (71%) died of disease 
at a median follow-up time of two years (range, one month 
to 14 years), seven patients (17%) died without disease at 
a median follow-up period of 15 years (range, seven to 24 
years), and five patients (1296) are alive without evidence 
of disease with a follow-up time of 5, 5, 16, 18, and 22 
years, respectively. Adjusted survival curves are seen in 
Fig 2. In both the high-risk and low-risk groups, the 
difference in survival rates between patients with follicular 
tumors and patients with papillary tumors for each risk 
group was not statistically significant. 

Of the 37 patients who had tracheal invasion, 17 (46%) 
died of disease at a median follow-up time of four years 
(range, one month to 12 years), with 18 (49%) alive (as of 
this writing) without evidence of disease at a median 
follow-up time of 17 years (range, five to 29 years). Two 
patients died without evidence of disease at 15 and 19 
years follow-up, respectively. Of the 19 patients in the 
high-risk group with tracheal involvement, 15 (79%) died 
of disease, and of 18 patients in the low-risk group with 
tracheal involvement, two (11%) died of disease. Of the 17 
patients with recurrent laryngeal nerve involvement, eight 
(47%) died of disease. 

The relationship between deaths from disease and the 
use of different adjuvant therapies in high-risk and low- 
risk groups with incurable neck disease is seen in Table 4. 
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Table 4.—Differentiated Thyroid Carcinoma: Adjuvant Therapy in 80 Patients With Surgically Incurable Neck Disease 


External Beam Radiation Thyroid Suppression Radioiodine 



















a —— —— ——n, p— —Á——— ———————— OTROS ME o eee 
Treated Not Treated Treated Not Treated Treated Not Treated 

a p , ————————— — ————— 

No. (%) No. (96) No. (96) No. (%) No. (%) No. (%) 

Dead of Dead of Dead of Dead of Dead of Dead of 

N Disease N Disease N Disease N Disease N Disease N Disease 









High risk 31 28(90)* 12 6 (50)* 16  7(4)t 25  25(100f 4 2 (50) 33 25 (76) 
Low risk 21 1 (5) 17 — 4 (24) 25 . 2 (8) 13 3 (23) 8 2 (25) 30 3 (10) 
High vs low, P <.001 47 01 001 47 001 
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*Difference in number of patients dead of disease in high-risk group treated and not treated (P = .008). 
+Difference in number of patients dead of disease in high-risk group treated and not treated (P<.001). 


For similar therapies, survival was significantly better in 
the low-risk group than in the high-risk group. 

The cause of death of patients in the low-risk and high- 
risk groups with locally incurable disease is seen in Table 
5 


Of the 97 patients in our series, all recurrent disease was 
of the same histologic type as the original tumor, with only 
one exception in which an anaplastic tumor was found on 
recurrence. However, review of this case showed that the 
original tumor contained anaplastic elements. 


COMMENT 


The percentage of patients with extraglandular disease 
has progressively decreased from 67% from 1931 to 1940 
to 11% from 1961 to 1980.4 From 1971 to 1980, 69% of 
differentiated carcinomas of the thyroid treated primarily 
at the Lahey Clinic were less than 2 cm in diameter. Distant 
metastatic disease was found on presentation in 9% of 
patients treated between 1931 and 1960 and in only 0.6% 
of those treated between 1961 and 1980.'? 

The term surgically incurable carcinoma defined pa- 
tients in whom local surgical therapy could not achieve 
total macroscopic removal of carcinoma, ie, patients with 
distant metastatic disease, patients with locally unresect- 
able neck disease when a biopsy only was performed, or 
patients in whom thyroidectomy or neck dissection was 
carried out but residual tumor was left behind at the time 
of operation. 

We! have documented the relationship of survival rates 
to the presence or absence of blood vessel invasion, major 
capsular invasion, size of tumor, sex, and age at the time 
of original presentation. In curable thyroid carcinoma, age 
and sex were found to define patients at low risk or high 
risk for dying of disease. Men 40 years of age and younger 
and women 50 years of age and younger were found to be 
at low risk for recurrence and death, and older patients 
were at high risk for recurrence and death. 

Review of our 97 patients showed that those who pre- 
sented with metastatic disease had the worst prognosis, 
with a mortality rate of 76%, when compared with patients 
with surgically incurable neck disease, who had a mortality 
rate of 4396 (P — .01). 

As in our previous reports, however, the prime determi- 
nant of survival was age. Only 4096 of patients in the low- 
risk group with metastases died in contrast to 9296 of 
patients in the high-risk group (P = .05). Similarly, patients 
with locally surgically incurable neck disease in the low- 
risk group had a rate of death of only 1396, while 71% of 
such patients in the older high-risk group died of disease 
(P<.001). Patients in the low-risk group dying of disease 
also lived longer. 

Neither in patients with distant metastases nor in 
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patients with unresectable neck disease was survival dif- 
ferent according to histologic type (follicular vs papillary 
and mixed) within each group. Therefore, even in meta- 
static or unresectable disease, risk group definition super- 
ceded the effect of histologic type, just as we have reported 
in curable differentiated thyroid carcinoma.** 

Patients with metastatic disease who had intraglandular 
thyroid carcinoma had a similar rate of death from disease 
as those with distant metastatic disease and extraglandular 
involvement, although rare, occult thyroid carcinoma can 
present as blood-borne metastasis with a fatal outcome.’ 
The value of radioiodine and thyroid hormone was difficult 
to evaluate because of the small number of patients in this 
group. However, both radioiodine therapy and thyroid 
hormone suppression were associated with a higher rate of 
cure in the low-risk group than in the high-risk group. 
Crile et al have reported on the benefits of bilateral 
subtotal thyroidectomy and thyrotropin-suppression ther- 
apy for patients less than 45 years of age who present with 
distant metastatic disease. 

Unresected tracheal wall invasion was associated with 
poor survival in the high-risk group but with a high cure 
rate in patients in the low-risk group. Patients with nodal 
metastases had a better survival than those with thyroid 
involvement only. This difference is related to a higher 
proportion of patients in the low-risk group with clinical 
nodal involvement. 

In patients with extensive neck disease, we did not 
demonstrate a survival advantage for patients who under- 
went bilateral thyroidectomy compared with those who 
underwent unilateral thyroidectomy in either risk group. 

The use of external beam radiotherapy, thyroid hormone, 
and radioiodine was associated with better rates of survival 


in the low-risk group. However, the better outcome could 


not necessarily be related to the use of these therapies 
because the factors that led to the use or omission of 
treatment could not always be identified, and therefore, at 
least in part, the differences in outcome may represent 
patient selection. One can assume that radioiodine was 
only used therapeutically when uptake was demonstrated. 
The technique of radiotherapy evolved from conventional 
radiotherapy equipment (200 kV), which was used until 
1950, to megavoltage units, 2 MeV from 1950 to 1976 and 
4 MeV from 1976 through 1980. The usual treatment fields 
included the thyroid, bilateral cervical lymph nodes, and 
superoanterior mediastinum. From 1950 through 1980, 
radiation was delivered by 360° rotation of the patient in 
the sitting position. With conventional (200 kV) equipment, 


tumor doses of 35 Gy (3500 rad) were occasionally achieved; E 


48 to 60 Gy (4800 to 6000 rad) was usually administered 
when megavolt units came into use. 
Patients in the low-risk group with incurable neck disease 
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Table 5.—Differentiated Thyroid Carcinoma: Causes of 
Death From Disease in Patients With Surgically Incurable 
Neck Disease 


No. (%) of 


Patients Who 
Died, by Risk Group 


Low Risk 
(n=38) 


High Risk 
(n=42) 


11 (26) 
13 (31) 
6 (14) 


Neck disease 
Distant metastasis 
Other with carcinoma present 





seldom died of local (396) or metastatic (396) disease, but 
patients in the high-risk group frequently died of local or 
metastatic disease (26% and 31%, respectively). One pa- 
tient in the high-risk group underwent resection of the 
trachea and esophagus and died within four months of 
operation. Others’ have reported good results with seg- 
mental tracheal or laryngeal or esophageal resection in 
selected patients. In reports where ages were given, the 
patients with long-term survival were in the low-risk group. 

Our results and those of other series’ suggest that, 
when technically possible, patients with surgically incur- 
able differentiated thyroid carcinoma should undergo re- 
section of as much disease as possible, including thyroid- 
ectomy, with excision of soft tissues and nodes when 
involved but without routine sacrifice of intact recurrent 
laryngeal nerves or anything but minor portions of esoph- 
agus, trachea, or larynx. The overwhelming feature that 
controls outcome is the age of the patient; less clear is the 
role of extensive surgical procedures, such as laryngec- 
tomy, tracheal resection, and resection of esophagus. In- 
traluminal involvement of the larynx or trachea and im- 
pending airway obstruction are indications for 
tracheostomy, and they may be indications for laryngec- 
tomy or tracheal resection in patients with well-differen- 
tiated thyroid tumors,” especially if disease is unrespon- 
sive to conservative therapy. The role of laryngectomy or 
segmental tracheal resection for disease invading the 
trachea without intraluminal involvement is controversial. 
We have carried out this procedure in one patient with 
papillary carcinoma treated after 1980 (and therefore not 
included in this series) in whom the only residual disease 


noted was invasion of the second and third tracheal rings. 
Radioiodine scan in the postoperative period showed failure 
of uptake by the tumor, and three tracheal rings were 
subsequently resected. The patient was alive 3% years 
later without evidence of disease. The goal of surgical 
therapy in this locally advanced tumor should be judicious 
aggressive resection, attempting to remove as much dis- 
ease as possible but preserving function whenever possible. 
The trachea, the larynx, and the recurrent laryngeal 
nerves should be preserved with few exceptions, particu- 
larly in patients in the low-risk group in whom the rate of 
death from disease is low even when resection is incom- 
plete. Thyroidectomy and excision of the infiltrated struc- 
tures should be attempted. Total thyroidectomy may facil- 
itate the use of radioiodine therapy, but its survival 
advantage over more conservative procedures remains 
controversial. Any thyroid remnants may be ablated with 
radioiodine. Thereafter, patients with carcinoma that takes 
up radioiodine on a scan should be treated with radioiodine. 
External beam radiotherapy should be considered in pa- 
tients with inoperable tumor or residual disease that does 
not take up radioiodine, patients in the high-risk group, 
and patients with local recurrences not amenable to oper- 
ation or therapy with radioiodine. Suppression of thyrotro- 
pin should be used in all patients. 

For patients who present with distant metastatic dis- 
ease, thyroidectomy should be followed by radioiodine 
ablation of residual thyroid tissue and by the use of 
radioiodine when metastatic disease takes up the isotope. 
Thyroid suppression should be used. In one of our patients 
who presented with a pulmonary nodule and underwent 
pulmonary lobectomy, disease recurred in the lung; the 
patient was treated successfully with radioiodine and 
thyroid suppression therapy and, as of this writing, is a 
long-term survivor. 

Patients who present with distant metastatic disease or 
surgically incurable local well-differentiated thyroid car- 
cinoma can frequently be expected to be long-term survi- 
vors if young, but even occasional older patients survive. 
The survival rate is lower for patients who present with 
distant metastatic rather than local unresectable carci- 
noma. Postoperative survival relates best to risk group 
definition, as defined by age and sex, and a variety of 
adjuvant therapies, but treatments are more successful for 
patients in the low-risk category. 


The authors thank Elton Watkins, Jr, MD, and Gerald Heatley, MS, for 
statistical analysis of the data. 
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Discussion 


Cu1u-AN Wawc, MD, Boston: Traditionally the age of the 
patient is considered a significant prognostic factor in patients 
with well-differentiated carcinoma. Dr McDermott in 1954 was 
the first one to point this out; he must be given the credit. His 
observation was based on the study of 190 patients with thyroid 
cancer treated at the Massachusetts General Hospital, Boston, 


Arch Surg—Vol 123, May 1988 


from 1913 to 1951. He said, “The older the patient is, the poorer 
the outcome of the treatment; the younger the patient is, the 
better the prognosis.” 

Dr Rossi and his colleagues classified the patients into low-risk 
and high-risk groups, based on the age of the patient. Anyone 
older than 40 or 50 years was considered to be high risk; anyone 
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younger than that was considered to be low risk. Is age that 
important, or are there other prognostic factors that are more 
important? 

Recently we performed a long-term follow-up study of 237 
patients with differentiated carcinoma of the thyroid. These 
patients had papillary carcinoma that was considered surgically 
curable. All of these tumors were intrathyroidal. Patients under 
40 years of age had a recurrence rate of about 6%; in patients over 
40 years of age, the recurrence rate was 9%. Actually there was 
very little difference in recurrence rates between these two groups. 
Age does not seem to be the single most important consideration 
in well-differentiated carcinoma. Can there be other factors? 

From our study, we found that the single most important factor 
is the size of the primary tumor. In patients with tumor masses 
smaller than 3 cm in diameter, the recurrence rate was much less 
than in those with tumors larger than 3 em. In other words, the 
larger the tumor, the more likely that the tumor becomes invasive. 
With gross evidence of local invasiveness, the prognosis of the 
disease is grave irrespective of the age of the patient. 

WiLLiAM V. McDEnvorr, Jr, MD, Boston: Dr Wang graciously 
referred to the ancient history of surgery, for which I thank him, 
but I did want to point out that in our study, the age difference 
that we referred to (which was very dramatic) only applied to the 
patients with papillary carcinomas. When these occur, usually in 
young women, the prognosis is excellent. It is almost impossible 
for young people with papillary carcinoma to die of the disease. 
In older patients, it may not be the same tumor or the same 
disease; it is sometimes classified as papillary but has a highly 
undifferentiated component and propensity toward invasiveness. 
Oftentimes, older patients are labeled as having papillary carci- 
noma because that is what the pathologist has called it. I think 
that they are different diseases that we are dealing with, but that 
was the only group that we could find, Dr Wang, as a significant 
age factor. 

RicHARD E. Witson, MD, Boston: As I see it, Rossi et al 
describe a very mixed bag of patients, a very heterogeneous 
population. From the presentation, we do not have enough defini- 
tion of all of the patients. Some obviously did very well, and some 
did very poorly. 

First, I would like to know how many of the patients had 


papillary carcinoma, how many had follicular carcinoma, and how 
many had medullary carcinoma? What did they do for the patients 
in the latter group? Second, in the radioiodine-treated group, how 
many demonstrated uptake? Of those that demonstrated uptake, 
how many failed to survive and how many survived? The third 
group of patients that I wanted to ask about are those who 
underwent resection. These were said to have "unresectable" 
disease, but, obviously when you saw these patients, many of 
them in fact had resectable neck disease even if they had distant 
disease. What was the outcome for patients who had resectable 
tumors without residual disease of the neck vs those in whom, no 
matter how you tried, you could not eliminate local disease in the 
neck? I think these would be important prognostic indicators for 
the surgeon faced with this problem. 

Dr Rossi: Dr Wang, a review of over 900 patients determined 
that the low-risk group patients dying of disease included women 
50 years of age or younger and men 40 years of age or younger 
Other factors affecting survival were extent of disease (patients 
with extraglandular involvement have a worse prognosis), size of 
the tumor (patients with tumors «2 em in diameter rarely die of 
disease), and blood vessel invasion. Patients with follicular tumors 
appeared to do worse than patients with papillary tumors. How- 
ever, in patients with extensive disease, we could not demonstrate 
a survival difference for patients in the same risk group. Lymph 
node metastasis affected recurrence rate but did not affect 
survival. I do not have a clear explanation for your data. You may 
be dealing with earlier disease where age and sex may be less 
important. From 1931 to 1980, extraglandular disease dropped 
from 70% to less than 15%; currently, more than 60% of patients 
have tumors of less than 2 cm in diameter. However, for patients 
with extensive disease, age appears to be a major determinant of 
survival. 

Dr Wilson, two thirds of the patients had papillary carcinomas 
and one third had follicular carcinomas. We did not include patients 
with medullary carcinomas—only patients with residual neck 
disease or metastatic disease. The analysis of the use of radioiodine 
in a retrospective series is difficult because of the random criteria 
used in patient selection. I suspect patients who showed radioio- 
dine uptake received therapy. 


in Other AMA Journals 


ARCHIVES OF DERMATOLOGY 


Thin Malignant Melanomas With Regression and Metastases 
Salve G. Ronan, MD; Ana M. Eng, MD; Henry A. Briele, MD; Norio N. Shioura, Md; 


Tapas K. Das Gupta, MD, PhD 


The significance of partial regression in thin malignant melanomas (0.76 mm or less) of the skin was 
evaluated to determine if the regression was associated with the later development of metastases in patients 
who previously were considered to have a favorable prognosis. Of 575 patients with primary cutaneous 
melanoma treated and followed up by the Division of Surgical Oncology at the University of Illinois, Chicago, 
we found that 103 (18%) had tumors that measured less than 0.76 mm. Of these, 30 (29%) showed histologic 
evidence of partial regression. In six (2096) of the 30 patients, visceral metastases developed and the patients 
died. All six had more than 77% regression of their primary tumors. Of the remaining 24 patients, only one had 
regression greater than 77% and she is still alive three years after diagnosis. Most of these 24 (83%) patients 
had regression of less than 50% (mean, 29.9%). No metastasis occurred in the 73 patients who had thin 
melanomas without histologic evidence of regression. It is apparent from this study that patients with thin 
melanomas who show partial regression cannot be included in the “low-risk” group if the extent of regression is 
75% to 80% or more (Arch Dermatol 1987;123:1326-1330). 

Reprint requests to Department of Pathology, University of Illinois College of Medicine at Chicago, 1853 W Polk St, 


Chicago, IL 60612 (Dr Ronan). 
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P mirabilis and indole-positive Proteus; Enterobacter sp; Serratia sp; S aureus (methicillin-susceptible 
strains); and S pyogenes (group A beta-hemolytic streptococci). 
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Proteus sp, including P mirabilis and indole-positive Proteus; Klebsiella sp; and £ coli. 
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P (methicillin-susceptible strains) and polymicrobial infections caused by aerobic and anaerobic organisms 
and Bacteroides sp (many strains of B fragilis are resistant). 

8. Central Nervous System Infections, including meningitis, caused by H influenzae and Neisseria meningitidis. 












E FORTAZ has also been used successfully in a limited number of cases of meningitis due to P aeruginosa and 
Ei S pneumoniae. 
B Specimens for bacterial cultures should be obtained prior to therapy in order to isolate and identify causative 
E organisms anc to determine their susceptibility to ceftazidime. Therapy may be instituted before results of 
S susceptibility studies are known; however, once these results become available, the antibiotic treatment should 
be adjusted accordingly. , 


FORTAZ may be used alone in cases of confirmed or suspected sepsis. FORTAZ has been used successfully 
" Sed trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 

een used. 

FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
clindamycin, in severe and life-threatening infections and in the immunocompromised patient. When such 
concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends on the severity of the infection and the patient's condition 


CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics. 


WARNINGS 
BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME. 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 

` CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY REACTIONS 
TO PENICILLIN IF AN ALLERGIC REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT WITH THE 
DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 
antibiotics); therefore, itis important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by C difficile is one primary cause of antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with f'uid, electrolyte, and protein supplementation as indicated. 

me. Wnen the colitis is not relievec by drug discontinuance or when it is severe, oral vancomycin is the treatment 
T of choice for antibiotic-associated pseudomembranous colitis produced by C difficile. Other causes of colitis 
El should also be considered. 


PRECAUTIONS 

m. FORTAZ* has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 

pli concentrations can occur from usual doses in patients with transient or persistent reduction of urinary output 

NU because of renal insufficiency, the total mds should be reduced when ceftazidime is administered to 
|... Such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of 

! renal impairment, severity of infection, and susceptibility of the causative organisms. 

5 As with other antibiotics, prolonged use of FORTAZ may result in overgrowth of nonsusceptible organisms. 
Mt- Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, appropriate 
measures shouid be taken. 
FORTAZ should be prescribed with caution in individuals with a history of gastrointestinal disease, 
articularly colitis. 

g Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins 
= with aminoglycoside antibiotics or potent diuretics such as furosemide. Renal function should be carefully 
E-— monitored, especially if higher dosages of the aminoglycosides are to be administered or if therapy is 
s | pac because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 

ephrotoxicity and ototoxicity were not noted when FORTAZ was given alone in clinical trials. 
m. Carcinogenesis. Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic potential. However, a mouse Micronucleus test and an Ames test were both negative 
for mutagenic effects. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and 
rats at doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm tothe « 
fetus due to FORTAZ. There are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used during 

regnancy only if clearly needed. 

ursing Mothers: Ceftazidime is excreted in human milk in low concentrations. Caution should be exercised 
when FORTAZ is administered to a nursing woman. 


ADVERSE REACTIONS 
FORTAZ* is generally well tolerated. The incidence of adverse reactions associated with the administration of 
FORTAZ was low in clinical trials. The most common were local reactions following intravenous injection and 
allergic and gastrointestinal reactions. Other adverse reactions were encountered infrequently. No disulfiram- 
like reactions were reported. 
The following adverse effects from clinical trials were considered to be either related to ceftazidime therapy 
or were of uncertain etiology: 
E Effects, reported in less than 2% of patients, were phlebitis and inflammation at the site of injection (1 in 
patients). 
Hypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever Immediate 
hypersensitivity reactions occurred in 1 in 285 patients. 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78), nausea (1 in 156), 
; vomiting (1 in 500), and abdominal pain (1 in 416). 
39 Less Frequent Adverse Events (less than 1%) were candidiasis; vaginitis: and central nervous system events 
E . that included headache, dizziness, and paresthesia. 
f; $ Laboratory Test Changes noted during FORTAZ clinical trials were transient and included: eosinophilia (1 in 13), 
‘= positive Coombs test without ira bard in 23), thrombocytosis (1 in 45). and slight elevations in one or more 
E of the hepatic enzymes, SGOT (1 in 16), SGPT (1 in 15), LDH (1 in 18), GGT (1 in 19), and alkaline phosphatase 
^g (1 in 23). As with some cther cephalosporins, transient elevations of blood urea, blood urea nitrogen and/or 
serum creatinine were observed occasionally. Transient leukopenia, neutropenia, thrombocytopenia and 
«fis lymphocytosis were seen very rarely. 
DOSAGE AND ADMINISTRATION 
Impaired Renal Function: Ceftazidime is excreted by the kidneys, almost exclusively by glomerular filtration. 
Therefore, in patients with impaired renal function (GFR < 50 ml/min), it is recommended that the dosage of 
ceftazidime be reduced to compensate for its slower excretion. See complete Prescribing Information for 
dosage in patients with renal impairment. 
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HOW SUPPLIED 
FORTAZ® in the cry state should be stored at controlled room temperature, 15* to 30°C (59° to 86°F), and 
; protected from light. FORTAZ is a dry, white to off-white powder supplied in vials and infusion packs as follows: 

NDC 0173-0377-31 500-mg’ Vials (Tray of 25) 
NDC 0173-0378-35 1-g* Vials (Tray of 25) 

Nos NDC 0173-0379-34 2-g* Vials (Tray of 10) 

E NDC 0173-0380-32 1-g* Infusion Pack (Tray of 10) 

Ex 





NDC 0173-0381-32 2-g" Infusion Pack (Tray of 10) 





NDC 0173-0382-37 6-g* Pharmacy Bulk Package (Tray of 6) "Equivalent to anhydrous ceftazidime. 

G Á ax 0 Glaxo Inc., Research Triangle Park, NC 27709 AB-202 
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What 
will you tell her 
about 
screening 
mammography? 


Many of your patients will hear about 
screening mammography through a program 
launched by the American Cancer Society and 
the American College of Radiology, and they 
may come to you with questions. What will 
you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along 
with your regular breast examinations and 
their monthly self examinations, offers the 
best chance of early detection of breast cancer, 
a disease which will strike one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please 
contact us. 


AMERICAN _ Professional Education Dept. 


R National Headquarters 
90 Park Avenue 


® 
SOCIETY New York, New York 10016 


or your local society 


American 1891 Preston White Drive 


| College of Reston, Virginia 22091 
| Uy Radiology (703) 648-8900 
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Predicting Hospital Charges for Trauma Care 


Susan E. Pories, MD; Richard L. Gamelli, MD; Pamela Vacek, MS; Frank Harris, MS; Dean Lea, MS 


e Diagnosis related groups (DRGs) have sharply decreased 
the amount of compensation hospitals can expect for provid- 
ing trauma care. A total of 637 patients admitted for acute 
traumatic injuries between Oct 1, 1985, and July 30, 1986, had 
their DRG classifications, Injury Severity Scores, trauma 
scores, and ages compared with hospital charges in an 
attempt to identify factors that could be used to accurately 
predict hospital charges. The best prediction of charges was 
obtained when DRG assignment was combined with Injury 
Severity Scores and age. When the equation obtained by this 
approach was applied to a separate population of 301 patients, 
the average difference between the actual charge and that 


4. predicted was $38 and would have led to a 33-fold decrease 


in money lost by the hospital. Altering the DRG payment 
schedule as proposed would allow hospitals to be fairly 
compensated for the care of trauma patients. 

(Arch Surg 1988;123:579-582) 


he institution of prospective payment, namely, diag- 
nosis related groups (DRGs), has sharply decreased 

the amount of compensation hospitals can expect for 
providing care to traumatized or other critically ill pa- 
tients.* Originally limited to Medicare patients, prospec- 
tive payment has been adopted by some third-party payers 
and has been instituted on a statewide basis in several 
states.?^5 

A growing awareness of trauma centers in reducing 
preventable deaths has led to concentration of trauma 
patients in level I and II centers." If reimbursement 
schedules are not changed, such hospitals may not be able 
to afford to care for these patients. Adjusting DRGs with 
respect to Injury Severity Scores (ISSs) has been sug- 
gested, but reports of such an approach have been conflict- 
ing.*5 

We sought to reexamine the relationship between ISS 
and hospital charges with the goal of arriving at a method 
that would predict hospital charges for trauma patients 
and ensure fair reimbursement to hospitals. 


PATIENTS AND METHODS 


Beginning Oct 1, 1985, all trauma victims admitted to the 
Medical Center Hospital of Vermont through the emergency room 
. were entered into the trauma registry Information collected on 
admission included type of event leading to injury, Trauma Score 
(TS)," ISS,23 blood alcohol level, transport method, reasons for 
transport delay, and initial disposition. The hospitals computer- 
ized discharge summary provided demographic data such as sex, 
age, and town of origin, as well as length of stay, days in the 
intensive care unit, DRG assignment," charges generated, and 
final disposition. 

For purposes of analysis, patients who died or had an unassigned 
DRG at the time of data analysis or charges over $50000 were 
excluded. 

Stepwise least squares regression was used to examine various 
models for predicting actual hospital charges using ISS, age, sex, 
TS, and DRG amount. Regression analyses based on the initial 
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data set were then prospectively applied to a separate population 
to test the accuracy of the model in predicting hospital charges. 


RESULTS 


During the period from Oct 1, 1985, to July 30, 1986, 637 
patients were admitted for acute traumatic injuries. Twice 
as many male (65%) as female (35%) patients were admit- 
ted. The average age was 35 years, with 26% of the patients 
being over 50 years and 18% under 15 years of age. The 
most frequent events leading to injury in this population 
were motor vehicle accidents (28%), falls (28%), sports 
injuries (11%), and machinery-related accidents (7.4%). 

The average length of stay was 8.8 days and the total 
hospital stay was 5564 days. Seventy patients required 
admission to the intensive care unit. The median ISS was 
9; 42% of patients had an ISS from 1 to 5, 42% an ISS from 
6 to 10, 5% an ISS from 11 to 15, 6% an ISS from 16 to 20, 
and 5% an ISS of 21 or more. 

The distribution of hospital charges for trauma patients 
was as follows: 


Hospital Charges, $ No. (%) of Patients 

1000 158 (17) 
1000-1999 215 (24) 
2000-3999 165 (18) 
4000-5999 116 (13) 
6000-9999 122 (13) 

10 000-14 999 66 (7) 

15 000-24 999 42 (5) 

25 000-49 999 19 (2) 
50 000 5 (0.5) 

Total 908 


Mes that less than 2096 of patients have charges of less than 
1000. 

Hospital charges for these patients averaged $5761.67, 
with $557.76 for laboratory testing, $390.53 for pharma- 
ceutical charges and products, and $355.23 for radio- 
logic services. The total charge for these patients was 
$3600961, which was 4% of the total hospital revenue 
during the study period. Twelve percent of the population 
had no insurance, and 15% were Medicare patients. 

Seventy-four percent of patients were able to return 
home with self-care, and 11% were able to return home 
with visiting nurse support. Five percent required admis- 
sion to the rehabilitation unit, and 3% required nursing 
home admission. The mortality in this group of patients 
was 3.7%. 

Of the initial 637 patients, we excluded those patients 
who died (n=23), incurred charges over $50000 (n=1), or 
had an unassigned DRG (n= 15), leaving 602 patients for 
detailed analysis. Several patients fell into more than one 
category for exclusion. 

The relationship between DRG and hospital charges 
revealed a significant discrepancy. The DRGs were equal 
to the average hospital charge only when patient charges 
were approximately $1000, ie, hospital charge is equal to 
— 564.12 plus 1.54 (DRG) (r=.61, P<.001). Only 20% of 
our patients generated charges less than or equal to $1000. 
For patients with charges over $1000, hospital charges 
exceeded DRG payment and the discrepancy increased 
with increasing charges. As charges approached $10000, 
it would be necessary to collect 150% of the DRG payment 
to equal hospital charges. 
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Fig 1.—Loss vs hospital charges in trauma registry. Substantial 
hospital losses result when diagnosis related group (DRG) or Injury 
Severity Scores (ISSs) alone are used as guide for reimbursement. 
Using ISS alone also results in substantial hospital losses. Con- 
versely, when regression equation utilizing DRG, ISS, and age was 
used to predict charges in 301 trauma patients, hospital's losses 
were greatly reduced. Solid thin line indicates DRG allowance; 
dashed line, predicted charges using ISS alone; solid heavy line, 
predicted charges using DRG, ISS, and age. 


To determine if an assessment of the degree of injury 
would more accurately predict charge, we compared ISS 
with hospital charge. The ISS correlated significantly with 
average hospital charges, ie, hospital charge is equal to 
651.14 plus 552.60 (ISS) (r=.47, P<.001). When tested in 
a separate population, however, the equation increasingly 
underestimated charges and would not provide for ade- 
quate compensation as charges increased (Fig 1). 

We sought to predict more accurately the hospital 
charges by adding to the equation variables that could 
more precisely describe the trauma population. To this 
end, we examined the effect of the TS, raw abbreviated 
injury scores, age, number of body areas injured, and DRG 
assignment on the regression equation comparing hospital 
charges and ISS. The best prediction of hospital charges 
was obtained using DRGs, ISSs, and age: hospital charges 
are equal to — 2915.53 plus 1.210 (DRG) plus 338.66 (ISS) 
plus 24.53 (age) (r=.67, P<.001). Inclusion of TS did not 
improve prediction. 

To examine its ability to predict charges for subsequent 
patients, the model was applied to a separate group of 318 
trauma patients who were entered into our registry after 
July 30, 1986. This new data set did not differ significantly 
from the first with respect to charge, DRG, age, or sex. 
The median ISS in the second population was 4 compared 
with 9 in the original population. After exclusion of 12 
patients who died, four patients who incurred charges over 
$50 000, and one patient who had unassigned DRGs, 301 
patients qualified for inclusion in the analysis. 

Analysis of the hospital charges of these 301 patients 
revealed that if DRG compensation alone were used, the 
average uncompensated amount per patient would be 
$1291. The total amount lost by the hospital would equal 
$388 651 for the entire group of 301 patients. The ISS alone 
also underestimates hospital charges and would not provide 
for adequate compensation (Fig 1). However, using our 
regression equation incorporating ISS, DRG, and age, the 
average uncompensated amount per patient would be only 
$38, or $11687 for the entire group of patients, a 33-fold 
reduction compared with the amount that would have been 
lost with DRG reimbursement. 
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Fig 2. —Charges vs Injury Severity Scores (ISSs) in trauma registry. 
As ISSs rise, hospital charges increase accordingly. There is large 
disparity between diagnosis related group (DRG) assignments and 
hospital charge. Average hospital charges of 301 trauma patients 
are predicted accurately using regression equation incorporating 
DRG, ISS, and age. Dotted line indicates actual charge; dashed 
line, predicted charge using DRG, ISS, and age; and solid line, 
DRG allowance. 


COMMENT 


The costs of traumatic injuries are enormous, represent- 
ing 6.9% of all health expenditures and 2. 3% of the US 
gross national product.’ Care for these patients represents 
19 million hospital days a year, more than all patients 
admitted for heart disease and four times as many hospital 
days required for care of all patients with cancer.* 

The use of DRGs as a basis for calculating reimbursement 
threatens the provision of quality care for injured patients. 
Our data reveal that the discrepancy between DRG assign- 
ment and hospital charge increases with increasing charge; 
as charges approach $10000, it would be necessary to 
colleet 15096 of the DRG payment to equal the hospital 
charge. Clearly, this represents huge ongoing losses for 
hospitals and may well affect hospital interest in providing 
trauma care. 

Some investigators have suggested using the ISS to 
modify DRG payment. In a study of 1526 patients, Jacobs 
and Sehwartz* found that the length of stay is related to 
severity of injury and is directly related to hospital charges. 
He noted that trauma patients in their institution were 
reimbursed only 5696 of the total bill, a financial loss 
averaging $1800 per patient. 

Kreis et alë also studied the relationship between ISS 
and hospital charges. However, they evaluated only 59 
patients, limiting their study to patients in the intensive 
care unit. They corroborated the findings of Jacobs and 
Schwartz‘ that DRG payments are grossly inadequate, 
accounting for only 32.3% of the total hospital charges in 
their study population. Kreis et al were unable to demon- 
strate a statistically significant relationship between ISS 


and hospital charges, probably because they studied only B 


severely injured patients with an average ISS of 30. 

The relationship between ISS and hospital charges that 
we observed was based on a population with a full range of 
injuries and therefore was representative of primary as 
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. Fig 3.—Loss vs Injury Severity Scores (ISSs) in trauma registry. 


+ As |SSs rise, average loss per patient rises steeply if diagnosis 


si 


related group (DRG) reimbursement alone is used. Projected 
losses in 301 trauma patients are greatly reduced when regression 
equation using DRG, ISS, and age is used to predict charges. 
Solid line indicates DRG allowance; dashed line, predicted charge 
using DRG, ISS, and age. 


well as tertiary care. For purposes of our analysis, we 
treated all patients as if they would be reimbursed with 
the DRG system. Our data corroborated the findings of 
Jacobs and Schwartz‘ in that we also found a statistically 
significant relationship between ISS and hospital charges. 
We were able to more accurately predict hospital charges 
by using age and DRG assignment in combination with 
ISS. The regression equation generated the following: 
hospital charges are equal to — 2915.53 plus 1.210 (DRG) 
plus 338.66 (ISS) plus 24.53 (age) (r=.67, P<.001). This 
equation was then tested on a separate but similar popu- 
lation of 301 patients and proved quite accurate at predict- 
ing hospital charges. The average amount that would have 
been lost per patient if DRG classifications alone were 
used fell from $1291 to $38. The total amount that would 
have been lost by the hospital in these 301 patients fell 
from $388 651 to $11 687, a 33-fold difference. 

As ISSs rise, hospital charges increase accordingly (Fig 
2). The DRG cost assignments, however, rise much more 
slowly, creating a large disparity between actual charges 
and payment as ISSs rise. Our model, however, predicts 
hospital charges much more accurately. 

As expected, hospital losses also increase with increasing 
ISSs when DRG reimbursement is used (Fig 3). Again, 


^ ]osses are greatly reduced with use of the regression 


equation incorporating DRG, ISS, and age. 

At present, our equation cannot accurately predict 
charges for the small subset of patients who need extraor- 
dinary amounts of care and who incur charges over 
$50000. However, of both populations analyzed, only five 
patients fell into this category; their combined hospital 
charges totaled $652588. This group included three pa- 








tients with severe burns and two patients with extensive 
soft-tissue and bony injuries. Further evaluation of such 
patients is needed. Dimick et al! have shown that costs for 
patients with burns are twice as high as for the average 
patient. The percentage of patients with charges over 
$50 000 has not been well documented. However, two recent 
studies of financial charges for severely injured motorcy- 
clists described mean hospital charges as $15114 and 
$17 704, respectively.’ It is unlikely that a single regres- 
sion equation can accurately predict changes both for the 
bulk of the patients, who have moderate charges, and the 
small subset of patients who generate very high charges. 

Hospitals providing trauma care are at risk for severe 
financial stress not only from prospective payment plans 
but also from a sizeable proportion of trauma patients who 
have no insurance.*:? Twelve percent of our population fell 
into this category. The uninsured population varies widely 
and has been reported between 7% and 75% by other 
investigators. 7 

Traditionally, the cost of care for uninsured patients has 
been paid for by the financial surplus from patients covered 
by private insurance.” Commercially insured patients 
generally pay full charges for care, which average about 
30% greater than cost.” As private insurers adopt prospec- 
tive payment and hospitals lose money on insured patients, 
care for the uninsured population will be increasingly 
burdensome to provide. Baker et al? have shown that death 
rates are increased in low-income areas for most categories 
of unintentional injury, indicating that trauma is a substan- 
tial problem for the poor. If fiscal resources for trauma 
care are further limited, this trend could profoundly affect 
the quality of care of the indigent trauma victim. 

As Berki? has stated, a desirable system of hospital 
payment meets the following objectives: (1) to provide 
incentives for attainment of clinical efficacy and desirable 
quality of care; (2) to provide incentives for increasing the 
efficiency of resources used in the production of clinically 
effective services; (3) to prove equitable for all hospitals 
subjected to the payment scheme; (4) to function predict- 
ably over time; and (5) to provide opportunity for internal 
and external performance control. At present, current 
mechanisms for prospective payments for injured patients 
are at cross purposes with these objectives. An equation 
such as ours, which more accurately predicts actual 
charges, would allow these objectives to be better realized 
by centers providing trauma care. Allowing hospitals to 
break even would ensure that such centers could continue 
to provide high-quality trauma care. As the equation allows 
for differences in patient mix by adjusting for age and ISS, 
it is, therefore, equitable for all hospitals, with exception 
of those providing care to large numbers of patients with 
burns. The equation derived from our experience with 602 
patients performed well when tested prospectively on a 
separate population of 301 patients, indicating it functions 
predictably over time. The fact that the equation requires 
injury scaling provides opportunity and incentive to eval- 
uate performance and outcome. 
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Discussion 


Francis D. Moore, MD, Boston: Surgeons are in the forefront 
of trying to modify the aggregation of clinical cases according to 
resource utilization. For the past six years, it has been my 
responsibility to guide the fortunes of the Massachusetts Health 
Data Consortium, which is one of the largest statewide consor- 
tiums in the country, dealing with all the information on 1 million 
^nm discharges per year. We are accomplishing this for all 

e 

It is appropriate that surgeons take the lead in this issue 
because we really see the cutting edge in the differences between 
resource utilization among patients. And resource utilization is 
the name of the game! Whether they are linear with charges 
depends on the accounting department of the hospital. Do not 
forget that this problem runs all through medicine, not just trauma 
care; it occurs in care for diabetes, pernicious anemia, cancer, 
stroke, and heart attacks. We are currently doing a study of all 
coronary heart diseases in Massachusetts, and the nonlinearity of 
the DRG categories is, of course, spectacular. And yet, we have to 
give the Yale University group that invented the DRGs a lot of 
credit for taking the first step along an important pathway. 

Now, the corrector should be prospective. I think the authors 
are “on the button,” because most of their data are prospective. 
The data should be machine-readable, that is, the record and the 
admitting data should be recorded initially by machine, if possible. 
Then they should be easily reconfirmed by nonprofessional people 
such as a well-trained secretary or a nurse. The staff cannot be 
expected to check all these cases all the time. Finally, the data 
must have statistical strength. 

Susan Horne of The Johns Hopkins Hospital, Baltimore, uses a 
grid of 28 variables, which makes an elegant correlation with 
resource utilization as a DRG corrector. However, it is extremely 
complicated; it takes about six people to evaluate each record. 
The work of Eric Muñoz, a surgeon in New York, is very 
interesting. For example, if surgical patients had one or more 
transfusions and if they were admitted through the emergency 
ward, two machine-readable prospective correctors can be ob- 
tained; Dr Mufioz then gets data into linearity with hospital 
charges and with resource utilization. 

Dr Pories and colleagues have mentioned the question of the 
uninsured population. We tend to think of the uninsured as very 
underprivileged people, possibly drug and alcohol abusers and 
the *bottom rung" of society, but that is not the case at all. Many 
uninsured persons in the Northeast are young people, graduates 
of high school or college, between the ages of 20 and 35 years, who 
are beginning their employment and who just cannot be bothered 
getting health insurance. They are costing everybody a great deal 
of money. 

Rocco ORLANDO III, MD, Hartford, Conn: Dr Pories and 
colleagues have shown that trauma care is now a loss leader. A 
helicopter in front of your institution may get a hospital on the 
evening news once every week or so, but it will not lead to a 
successful financial strategy for the institution. 

At Hartford (Conn) Hospital, we have analyzed the impact of 
DRGs on trauma care. In Connecticut this is particularly impor- 
tant because prospective payment is applied to all patients. In a 
level I trauma center, the case mix appears to be particularly 
damaging from a financial standpoint. Patients who require 
intensive care services are certainly not reimbursed adequately. 
The highest DRG payment for a trauma patient is $13 000 for a 
patient older than 70 years with head injury and concomitant 
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internal injuries requiring surgery. These patients usually have a 
prolonged stay in the intensive care unit, and in our hospital that 
stay costs about $2000 a day. So, it does not take much time to 
exhaust the DRG payments. 


Recently, we have shown that care at a level I trauma center + 


might be associated with decreased costs for certain patient 
populations. We specifically studied head-injured patients brought 
to our institution directly to the level I trauma center; they had a 
shorter hospital stay and lower hospital charges than those 
transferred from the other hospitals that were not trauma centers. 

Some individuals have suggested that DRG payments to hospi- 
tals be weighted favorably toward designated trauma centers, and 
I would like to ask the authors what they think about this approach 
to the problem. My other questions are more technieal. Since 
payments are made for patients who die, why were these patients 
excluded from analysis? In calculating the regression equations, 
did you account for extra payments that were generated by the 
DRG outliers? Finally, did you utilize the TS? In some of our 
analyses, we have found the TS is another useful determinant that 
can help with a more accurate prediction of costs. 

RicHagD E. WinsoN, MD, Boston: Why were the deaths 
excluded? It seems that many people who die after trauma would 
be the most expensive and the most difficult to evaluate. 


Joun R. Burke, MD, Boston: The authors have raised an ry 


important question and have dealt with it in an elegant way. The 
importance of their study is in the statistical approach. The 
common ground between clinicians and the administrators of 
programs designed to reduce medical costs will be the statistical 
data on hand. Dr Pories and colleagues have provided a statistieal 
approach to attack this problem logically. Their suggestion that 
we ought to look at this method of analysis on a wider basis is 
very good, and I wonder if they have any suggestions about how 
to organize a wider basis of evaluation. 

Dr PoniEs: Dr Orlando asked about weighting DRGs for trauma 
centers. I think this would be a step in the right direction, but 
many hospitals, at least in our state, are not identified within a 
level of care by the American College of Surgeons. This may 
unfairly exclude them from such a method. So it would seem to 


me that all trauma patients should have their charges weighted 


regardless of whether treatment is in a trauma center or not. 

Drs Orlando and Wilson asked about excluding deaths. When 
we originally evaluated this data, we graphed the hospital costs of 
our patients that lived and those that died, as well as the costs of 
the combined groups. The curves were quite different and we 
thought the statistical analysis would be cleaner if the groups 
were kept separate. Overall, the death costs were lower and this 
probably reflects the fact that most of our deaths were early 
deaths oceurring in the emergency or operating room, and we did 
not have as many late deaths as might have been expected. 

Dr Orlando asked about DRG outliers. I regret to say that we 
did not have the opportunity to evaluate the effect of the outlier 
reimbursement. 

Dr Burke asked about cooperation with other centers. I am not 
sure what the details would be, but if other centers collect similar 
data, we could arrange to have our statistician examine other 
variables reflective of populations with more penetrating trauma, 
such as Eugene Moore's Abdominal Trauma Index. These variables 
can then be examined in the same stepwise least squares regres- 
sion fashion. 


Hospital Charges—Pories et al 


* 


Co» 


Primary Lung Cancer Surgery 
in Stage II and Stage III 


Wilford B. Neptune, MD 


e We reviewed 100 operations performed on 95 consecutive 
patients with stage II (n=7) and stage Ill (n=88) primary lung 
cancer. The five-year survival of patients with N1 involvement 
was 58% and with N2 disease was 21%. Of 13 patients with 
Pancoast or chest wall involvement, 58% survived five years. 
The entire group had a 34% five-year survival and a median 
survival of 32 months. Preoperative and/or postoperative 
radiotherapy, in the presence of nodal disease, appears to 
improve local control, but an effective chemotherapy program 
is needed for unrecognized visceral metastases. In the ab- 
sence of contraindications, surgical excision offers the best 
likelihood of survival and quality of life. 

(Arch Surg 1988;123:583-585) 


Te is currently little or no controversy over the 
preference of surgery in the definitive management of 
stage I, primary carcinoma of the lung. One should expect 


s A „a 50% (maybe even up to 80%) five-year survival among 


patients with asymptomatic survey lesions. Even so, the 
treatment failures demonstrate the need for some type of 
adjuvant therapy to manage unrecognized metastatic dis- 
ease. In the management of stage II and in particular 
stage III disease, there is a definite perception that 
surgery has little to offer, as evidenced by the decision 
making of many medical oncologists, radiotherapists, and 
thoracic surgeons. 

Although there are definite contraindications to surgery, 
after following up many patients over the years, it has been 
my impression that the subsequent quality of life and 
chance for cure is best achieved if the primary tumor is 
resected; this does not imply that adjuvant therapy is not 


i4. also needed. This report is an attempt to demonstrate the 


^ 


influence of surgery in the management of stage II and 
stage III lung cancer. 


PATIENTS AND METHODS 


There were 100 operations performed in 95 consecutive patients 
(62 men and 33 women with an average age of 61 years) with stage 
II or stage III lesions. In this series, stage II disease was T1-T2, 
N1 (n=7) and stage III (n 2 88) was any T3 tumor (n=59) or N2 
nodal disease (n —50).! Five patients underwent a second operation 
for stage I disease; these were all thought to be second primary 
tumors of the lung. | 

There was a minimum of two years' follow-up that should allow 
for some comparison to be made with the 9596 in our office data 


Accepted for publication Jan 27, 1988. 

From New England Deaconess Hospital, Harvard Medical School, Bos- 
ton. 

Read before the Annual Meeting of the New England Surgical Society, 
Bretton Woods, NH, Sept 11, 1987. 

Reprint requests to Overholt Cardiothoracic Surgical Associates, 135 
Francis St, Boston, MA 02215 (Dr Neptune). 


Arch Surg— Vol 123, May 1988 


who were dead within one year without surgery.? Survival curves 
were projected (by consulting statistician Debra J. Szeluga, PhD) 
using the Kaplan-Meier technique.? These were all my own cases 
and represent a single philosophy in management. Although there 
have been no randomized protocols, we have made comparisons 
with our office statistics since we have treated more than 5000 
cases of lung cancer over a 55-year period, dating back to the first 
resection for lung cancer by Overholt* in 1932. 


Indications for Surgery 


In a recent review of indications for surgery, over a five-year 
period, 3046 of all patients seen were considered inoperable. A few 
of these patients were turned down for surgery because of severe 
pulmonary insufficiency. Although a few patients with coronary 
heart disease were managed by a preliminary coronary bypass 
procedure followed by a pulmonary resection, there were a few 
with critical cardiac disease who were considered inoperable for 
the treatment of lung cancer. The majority who were turned down 
had documented visceral metastases, malignant pleural effusions, 
or superior vena caval obstruction. Of the 7096 who underwent 
surgical exploration, 90% had a pulmonary resection (63% of the 
total). 

In the absence of definite contraindications to surgery, it has 
been my goal, when technically feasible, to resect the primary 
tumor, regardless of the stage of disease. Selected patients 
underwent bronchoscopy, needle biopsy, mediastinoscopy, and 
mediastinotomy when deemed necessary to arrive at a decision 
regarding operability, as well as to aid in the clinical evaluation of 
the patient's general condition. In this series, 37 received preop- 
erative radiotherapy in an effort to improve the likelihood of 
success of subsequent resection.’ Postoperative radiotherapy was 
used in most instances of nodal disease and chest wall involvement. 
Currently, we are exploring the addition of infusion chemotherapy 
together with radiotherapy to improve the tumor-free interval 
and local control, and as a sensitizing agent for increasing the 
response to radiotherapy. 


Extent of Resection 


In a review of 100 of the most recent consecutive resections for 
lung cancer, 30 patients had a lobectomy, 16 had a pneumonectomy, 
and 54 were managed by a limited resection, such as wedge, bilobe 
segmentectomy, or single segmentectomy. 

In contrast, of the 95 patients with stage II and stage III 
disease, 44 had a pneumonectomy, 31 had a lobectomy, and 20 had 
a limited resection, the majority of these being performed for 
treatment of a superior sulcus tumor, or T1, T2 lesions with nodal 
involvement (Table 1) The five patients who had a second 
operation for a new primary tumor had stage I disease; lobectomy 
only was required in two patients and a limited resection in three. 


Cell Type 


Adenocarcinoma was the predominant cell type, occurring in 42 
instances, with epidermoid accounting for only 34 cases. These 
figures are in keeping with our office statistics of an increased 
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Table 1.—Extent of Operation 


Type of Operation No. of Patients 


Stage Il and Stage Ill Lung Cancer 
Limited resection 20 


Lobectomy 31 
Pneumonectomy 44 
Total 95 


Second Primary Stage | Lung Cancer 
Limited resection 3 


Lobectomy 2 
Total 5 








Table 2.— Surgical Management of Stage Il and 
Stage Ill Lung Cancer 







Projected 









No. of Five-Year 
Cell Type Patients Survival, 96 

Adenocarcinoma 42 25 
Epidermoid carcinoma 34 50 
Large-cell 

undifferentiated 

carcinoma 14 32 
Small-cell carcinoma 6 ; 0 





Mixed cell carcinoma 4 0 


incidence of adenocarcinoma among new cases, as well as among 
five-year survivors. Among these 95 patients, the 42 with ade- 
nocarcinoma had a 25% five-year survival, 14 with large-cell 
undifferentiated carcinoma had a 32% five-year survival, and 34 
with epidermoid carcinoma had a 50% five-year survival. None of 
the patients with small-cell (n=6) or mixed cell (n=4) carcinoma 
survived for five years (Table 2). 





Nodal Involvement 


Among those cases with nodal involvement, 26% of the 26 
patients with adenocarcinoma and 41% of 22 patients with epider- 
moid carcinoma survived for five years. None of the six patients 


with large-cell undifferentiated carcinoma and nodal involvement 


survived for five years (Table 3). 

The difference between N1 and N2 disease is dramatically 
demonstrated in a 58% survival among 12 patients with N1 and 
only 21% survival among 50 patients with N2 involvement. The 
moreaggressive nature of the disease is even better demonstrated 
among subsets since 21 patients with T3, N2 disease had a 29% 
five-year survival and only 12% of 29 patients with T1 or T2 
parenchymal lesions and N2 nodal involvement survived five years. 


Superior Sulcus and Chest Wall Involvement 


There were 13 cases of Pancoast tumors or chest wall involve- 
ment. Only two had N2 disease and, as of this writing, both are 
long-term survivors of more than ten years. The survival time for 
this group of 13 was 75% at 12 months’ follow-up, 50% at 49 months’ 
follow-up, and 40% at ten years follow-up. 


RESULTS 


Survival must be evaluated in subsets, even in specific 
stages of the disease. In stage II disease, there were only 
seven patients (T1-T2, N1) but the survival was 57%, which 
is comparable with stage I disease. Stage III, by virtue of 
T3, appears to have little effect on subsequent survival 
since 33 patients with T3, NO had a 47% five-year survival. 


Moreover, five patients with T3, N1 were comparable with — 


those with stage II disease in having a 57% five-year 
survival. 
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Table 3.— Surgical Management of N1 or N2 Disease 


Projected 
No. of Five-Year 
Cell Type Patients Survival, % 
Adenocarcinoma 26 26 
Epidermoid carcinoma 22 41 
Large cell 
undifferentiated 6 f 0 





Table 4.—Surgical Management of Stage Il and 
Stage III Disease* 












Projected 
No. of Five-Year 
Tumor Classification Patients Survival, % 









Lo mw — "e cea) 


. *Of95 patients, 34% had a five-year survival (median survival, 32 months). 


Mediastinal node involvement (N2) has a significant 
influence on prognosis, but, in the limited numbers avail- 
able, upper, lower, and paratracheal location did not seem 
to make much difference. Small peripheral lesions (T1 or 
T2) with N2 disease had the worst prognosis and appear 
to represent a more aggressive tumor, with only a 12% 
five-year survival among 29 patients. This is in contrast to 
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a more visually impressive tumor (T3, N2) with a 29% five- in 


year survival among 21 patients. 

The entire group of 95 patients with stage II and stage 
III disease had a 3496 five-year survival and a median 
survival of 32 months (Table 4). 

In our office statistics, 95% of patients were dead in less 
than one year without surgery, and 40% survived more 
than one year with surgery. Among favorable cases, usually 
T1-T2, NO, in current staging, 48% survived for five years. 
Unfavorable cases, usually involving N2 disease, had a 12% 
five-year survival.? 


COST 
In any program of treatment for a group of patients with 


stage II and stage III disease where most will eventually af 


die, one must look at the cost in morbidity and mortality 
in terms of quality of life and potential for cure. 

Among 23 patients with a limited resection, there was 
no major morbidity and no mortality. One patient among 
33 who had undergone a lobectomy died two days postop- 
eratively of a pulmonary embolus. This was actually an 
operation for T2, NO disease and is included since it was a 
second operation following a resection two years previously 
for a T2, N2 lesion. There was no evidence of residual 
disease. Of 44 patients who required a pneumonectomy, 
one had a postoperative myocardial infarction and died 30 
days following surgery. 

One of the 44 patients who had a pneumonectomy 
developed a bronchopleural fistula. This patient had T3, 
N2 disease and received 30 Gy (3000 rad) of radiotherapy 
preoperatively. He made an uneventful recovery and was 
discharged but returned with a fistula, which was treated 
by immediate drainage; subsequently, he underwent clo- 
sure of the fistula, which was covered with a subscapularis 
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muscle flap, and a Schede thoracoplasty. He was discharged 
completely healed and, as of this writing, is alive and free 
of disease eight years later. 


COMMENT 


At the present time, it is obvious that some type of 
effective systemic therapy is needed for unrecognized 
metastases as well as local control. Preoperative radio- 
therapy may be of benefit in improving the resectability 
rate, and postoperative therapy may improve local control. 
However, as yet, there are no data to indicate any improve- 
ment in long-term survival.** 

Adjuvant systemic chemotherapy, which is currently 


available, appears to prolong the disease-free interval and, 
from that standpoint, is useful. These patients disease, 
however, continues to recur, indicating that a more potent 
systemic adjuvant therapy is needed. 

With these findings in mind, it appears that surgery 
probably has the best likelihood of achieving long-term 
survival, with an improved quality of life, in the majority 
of patients. Based on current staging, one cannot predict 
which patients will be long-term survivors. In the absence 
of definite contraindications and when technically feasible, 
removal of the tumor offers the most in terms of quality of 
life and the greatest likelihood of cure. This can be achieved 
with an acceptable cost in terms of morbidity and mortality. 
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Discussion 


HAROLD STERN, MD, New Haven, Conn: I think that perhaps 
the bronchoscope in the hands of someone other than a surgeon 
may be a dangerous modality since we see many patients who are 
looking for a second opinion and whose disease is clearly operable 
but has been determined to be inoperable by pulmonologists and 
radiologists. 

. I would like to limit my comments to the use of preoperative 
radiation in these patients. Unfortunately, the early advocates of 


^ this modality (from Baltimore) later reported unacceptable mor- 


tality and a very high, almost 2096, bronchopleural fistula rate. 
Along with some other studies, this type of therapy fell into 
disrepute. For many years, at Yale-New Haven (Conn) Hospital, 
Allan Toole and I have been using preoperative radiation in 
selected patients with very large, centrally located lesions, whose 
disease, by many criteria, would be inoperable, and also in all 
patients who have peripheral tumors involving the chest wall. We 
have been impressed by the ease of dissection at the hilus following 
this therapy and have had approximately a 296 bronchopleural 
fistula rate in 50 patients. This is important because radiation 
therapy does not appear to affect a bronchopleural fistula rate in 
this highly selected group. 

One major advantage of this regimen is that patients who 
present with rapidly advancing disease or who have occult distal 
metastases may be spared unnecessary surgery sinee an eight- 
week interval between the time the patient is first seen and 
contemplated surgery is called for. 

In closing, I would like to suggest to all thoracic surgeons in the 
Society that careful application of preoperative radiation therapy 
be considered in the management of patients with lung cancer. 

EARLE W. WiLkiNs, JR, MD, Boston: It is clear to me that this 
is indeed a remarkable series. Just think, with 100 pulmonary 
resections, there were only two deaths (one from an embolus and 
one from a myocardial infarction), only one major morbid incident 
of bronchopleural fistula (which was salvaged), and a 3496 projected 
five-year survival in stage II and stage III lesions; one really 
cannot ask more of a surgeon. 

I wonder whether these statistics are reproducible. I question 
why those 21 patients with a T3, N2 lesion would have a 29% 
survival, and yet 29 patients with only a T1, N2 or T2, N2 lesion 
would have a 1296 survival. These small subset numbers can 
possibly suggest that this is a spurious result. Dr Neptune 
reported that there were 13 superior suleus tumors, which make 
the lesions T3, but I could not detect from the report why the 
other 46 T3 lesions were indeed of that level. 


The second comment deals with adjuvant therapy. The article - 
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does not go into detail about postoperative radiation, but Dr 
Neptune implies, as we believe at the Massachusetts General 
Hospital, Boston, that postoperative radiation in these patients 
promotes survival. The Lung Cancer Study Group article, pub- 
lished in the New England Journal of Medicine (1986;315:1377- 
1381) on squamous cell tumors suggested that there was no 
improvement from postoperative radiation therapy in terms of 
survival; there was suggested improvement in local cure of disease 
in the mediastinum. I concur with Dr Neptune that we have a 
crying need for the development of appropriate infusion chemo- 
therapy to accompany radiation. 

The third comment deals with the message. I agree with Dr 
Neptune5h philosophy: if the physiologic condition of the patient 
permits and there is no visceral extent of disease or positive 
pleural effusion, one should be aggressive. But to whom should 
this message be directed? As Dr Neptune implied, there is an 
increasing trend for the medical pulmonary specialist to make the 
diagnosis by bronchoscopy or needle biopsy, to have his radiologist 
stage it by computed tomographic scanning, to consult his medical 
oncologist, and then to resort to radiation therapy and chemo- 
therapy. I believe that the surgeon should be in on all of these 
decisions. 

Dr NEPTUNE: With regard to what makes up T3 tumors, I did 
not define it because this has been well defined. The term T3 
frequently is used to describe the disease of a patient who has 
soft-tissue extension to the mediastinum or chest wall, as well as 
tumor bronchoscopically verified within 1 em of the carina and by 
sheer size. These cases have been gone over carefully and they fit 
the criteria for T3 lesions. 

With regard to postoperative radiotherapy, for quite some time 
I have been using this on every patient who has had documented 
nodal involvement. I have used preoperative radiotherapy on 
selected patients for a good many years; actually, the ones on 
whom I use it are much the same as described by Dr Stern. 


Currently, what we are doing is using preoperative radiotherapy ' 


on approximately 12% of the gross pool of patients. If the patient 
has documented nodal involvement on final staging, they will 
receive completion of radiotherapy. If they did not receive radio- 
therapy preoperatively, they will have it postoperatively. Cur- 
rently, we are using infusion chemotherapy at some point during 
the course of postoperative radiotherapy. The infusion chemother- 
apy will usually be administered over a minimum of four and 
preferably up to as much as six weeks, because it is our impression 
that this does improve the tumor-free interval. 
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is being sent to all the physicians in the United States. 


The purpose of this Bibliography and Review is 
to put together in one place, for the convenience of 
the physician and the government, a comprehensive 
summary of the world medical literature on 
phenytoin (other than in epilepsy). 
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From the Prefatory: 


If one looks in the Physician’s Desk Reference, one 
will find that phenytoin’s only listing with the FDA is 
as an anticonvulsant. This is a narrow description 
of a drug that has been reported by thousands of 
physicians throughout the world to be useful for over 
fifty symptoms and disorders. 

The lack of understanding of the many clinical uses 
of phenytoin has tragic consequences. This is not the 
fault of the FDA. It is not the fault of our physicians. 
There is a flaw in our system of bringing prescription 
medicines to the public.* 


*The “flaw” is discussed in 

A Remarkable Medicine Has Been Overlooked. 
This narrative has been republished 

to accompany the Bibliography. 


The Dreyfus Medical Foundation 
is a charitable foundation and has no 
financial interest in phenytoin. 
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Treatment of Crohn’s Colitis 


Segmental or Total Colectomy? 


Walter E. Longo, MD; Garth H. Ballantyne, MD; C. Elton Cahow, MD 


* In our institution, segmental Crohn's colitis has been 
treated with segmental colectomy rather than more extensive 
resection. The purpose of this study was to review the rate of 
recurrence following surgical treatment of Crohn's colitis 
using this approach. From 1974 through 1984, 37 patients with 
Crohn's disease limited to the colon or rectum underwent 
resection. Average time of follow-up was 5.5 years. There were 
recurrences in 13 (62%) of 21 patients treated by segmental 
colectomy and four (6796) of six patients treated by total 
abdominal colectomy and small-bowel recurrences in two 
(20%) of ten patients treated by proctocolectomy. Intestinal 
continuity was maintained in 17 (81%) of the 21 patients 
treated by segmental resection. Although recurrence is likely, 
segmental colectomy improves the quality of life by delaying 
the need for a stoma and by preserving functioning bowel. 

(Arch Surg 1988;123:588-590) 


O ptimal surgical treatment of patients with Crohn’s 
colitis remains uncertain.! Although recurrence rates 
following total proctocolectomy and ileostomy for patients 
with Crohn’s colitis may be as low as 3%, many complica- 
tions plague this operation.? Consequently, alternatives 
have been sought. 

When active Crohn'* disease is limited to the colon, total 
abdominal colectomy with ileorectal anastomosis has been 
advocated as a reasonable alternative to nonrestorative 
operations.^* Recurrence rates following ileorectal anas- 
tomosis, however, can be as high as 71%.* Furthermore, 
functional results following this procedure may be unsat- 
isfactory in as many as 65% of patients.” 

Treatment of patients with segmental involvement of 
the colon with Crohn' disease is even more controversial. 
To avoid the poor functional results of total abdominal 
colectomy with ileorectal anastomosis and the many com- 
plications of total proctocolectomy with ileostomy, we have 
been treating these patients by segmental resection and 
primary anastomosis. In addition, it has been our hope 
that segmental colectomy might delay the need for a stoma 
in these young patients, who are often of child-bearing 
age. Therefore, the purpose of this study was to determine 
the rate of recurrence of Crohn's disease following segmen- 
tal colectomy and the restoration of bowel continuity in 
patients treated by segmental colectomy. 


METHODS 


We undertook a retrospective review of patients with Crohn's 
colitis operated on from 1974 through 1984 at the Yale-New Haven 
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(Conn) Medical Center. Patients were excluded from analysis if 
they had ileocolie involvement or any evidence of extracolonic 
gastrointestinal Crohn's disease. Criteria for the diagnosis of 
Crohn's disease were based on clinical, roentgenographic, and 
histologic examination. 

Patients were reviewed for age at presentation, sex, method of 
diagnosis, location of disease (segmental disease, abdominal colon 
disease, or proctocolitis), duration of disease prior to surgical 
treatment, age at surgery, type of anastomosis or stoma, number 
and location of recurrences, age at recurrence, treatment of 
recurrences, and follow-up period. All 37 patients were followed 
up either in our clinic or by personal interview; Patients were 
grouped into one of three categories: (1) segmental disease, (2) 
pancolitis with rectal sparing, or (3) proctocolitis. Recurrences 
were identified by colonoscopy, barium enema, upper gastrointes- 
tinal tract series with small-bowel follow-through, gross exami- 
nation of bowel at reoperation, or pathologic examination of tissue. 


RESULTS 
Patient Characteristics 


Forty patients met the criteria for inclusion in this study. 
Three patients were unavailable for follow-up, leaving 37 
for analysis. There were 12 male and 25 female patients. 
The average age at diagnosis was 26.7 years (Table), and 
the most common presenting symptoms were pain, diar- 
rhea, and anorectal complaints. The average duration of 
disease before surgery was 7.6 years, while the average 
age at first operation was 34 years (Table). The diagnosis 
was made initially via colonoscopy in 31 patients and by 
x-ray contrast study in six patients. All patients had an 
upper gastrointestinal tract series that showed no evidence 
of small-bowel disease. Twenty-one patients (57%) had 
segmental colonie disease, six (1696) had pancolitis with 
rectal sparing, and ten (2796) had proctocolitis. The most 
frequent indication for surgery was intractability of symp- 
toms. 


No. (%) of 
Indication for Surgery Patients 
Intractability 23 (62) 
Acute abdomen 7 (19) 
Obstruction (stricture) 4 (11) 
Bleeding 2 (5) 
Fistula 1 (3) 
Total 37 (100) 


All patients were alive at the time of follow-up. The average 
( x SD) follow-up period for all three groups was 5.32.5 
years: 


Type of No. of Average (SD) 

Operation Patients Follow-up, y 
Segmental colectomy 21 5 (2) 
Total abdominal colectomy 6 4 (2) 
Proctocolectomy 10 7 (3) 
Total 37 5 (2) 
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Average Age at Time of Diagnosis and First Operation of 37 
Patients With Crohns Disease Limited to Colon and Rectum 


Age, y (Average + SD) 
M ————————— 


No. of 
Patients Diagnosis First Operation 


27 —-16 37 — 17 
29 —- 17 31-77 
23 2x7 29 —- 17 


Operation 
Segmental colectomy 21 
Total abdominal colectomy 6 
Proctocolectomy 10 
Total 





Type of Operation 


Ten proctocolectomies with end ileostomy were per- 
formed for panproctocolitis. Six abdominal colectomies 
were performed in patients with rectal sparing. Three of 


these six patients underwent ileorectostomy, while the 


other three underwent ileostomy and the formation of 
Hartmann's pouch. Two of these three patients eventually 
underwent closure of ileostomy. The third refused ileos- 
tomy closure. 

Among the 21 patients with segmental disease, all nine 
patients with right colon disease underwent right-sided 
hemicolectomy. Six of these nine patients underwent pri- 
mary anastomosis, and three had ileostomy and closure of 
the distal colon; all three subsequently underwent ileo- 
transverse colostomy. Eight patients with disease involv- 
ing the entire left colon underwent left-sided hemicolec- 
tomy. Five of these eight patients underwent primary 
anastomosis, while three underwent end colostomy and 
the formation of Hartmann's pouch. Only one patient 
subsequently underwent colostomy closure. Three patients 


' underwent sigmoid resection for Crohn's disease confined 


La 


‘to the sigmoid colon. Two of them had primary anastomoses 


and one had a Hartmann's pouch. One patient had rectal 
involvement only and underwent an abdominoperineal 
resection and an end colostomy. Thus, 18 (86%) of 21 
patients with segmental colonic involvement had intestinal 
continuity reestablished. 


Recurrences 


There were 22 recurrences in 19 patients. 


Type of Operation No. (96) of Patients 
Segmental colectomy 13/21 (62) 
Total abdominal colectomy 4/6 (67) 
Proctocolectomy 2/10 (20) 
Total 19/37 (51) 


The remaining 18 patients had no further evidence of 
disease. There were 12 recurrences in the colon, six in the 
reetum, and four in the small bowel. Three patients had 
two recurrences each, two had two recurrences in the 
colon, and one had recurrences in the colon and small 
bowel. 

Of the ten patients who underwent proctocolectomy, two 
had recurrences in the small bowel. Both patients required 
small-bowel resections. The average age at recurrence in 
this group was 32 years. 


Average (SD) Age 
Type of No. of at Time of 
Operation Patients Recurrence, y 
Segmental colectomy 13 45 (16) 
Total abdominal colectomy 4 32 (4) 
Proctocolectomy 2 36 (19) 
Total 19 4l (17) 
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Allsix patients who underwent total abdominal colectomy 
were free of rectal disease at the time of the initial 
operation. In four of these six patients, recurrences devel- 
oped in the rectum; three of these patients underwent 
completion proctectomy and permanent ileostomy. Two of 
these three patients were those who initially underwent 
primary ileorectostomy, while a rectal recurrence devel- 
oped in the third patient after initial ileostomy and the 
formation of Hartmann’s pouch followed by ileorectostomy. 
The fourth patient with rectal recurrence refused proctec- 
tomy. The average age at recurrence was 36 years. 

Thirteen of the 21 patients who had undergone segmental 
resection suffered a total of 16 recurrences. Three of these 
21 patients had two separate sites of recurrence each. 
Following a left-sided hemicolectomy, both right-sided and 
rectal disease developed in one patient, who required a 
proctocolectomy and permanent ileostomy. In one patient 
who underwent right-sided hemicolectomy, a recurrence 
developed in the transverse colon, necessitating segmental 
resection; a recurrence in the terminal ileum later devel- 
oped in this patient, necessitating a small-bowel resection. 
In the third patient, after initial segmental colonic resec- 
tion, recurrences that developed in the colon and small 
bowel both required segmental resections and primary 
anastomoses. Following right-sided hemicolectomy, pan- 
colitis with rectal sparing developed in two patients, 
necessitating total abdominal colectomy and ileorectos- 
tomy. Seven additional patients required further segmental 
resections for limited disease. A recurrence in the rectum 
developed in one patient who underwent a sigmoid resec- 
tion, but this patient refused surgery. The average age of 
these patients at recurrence was 45.1 years. The average 
interval from initial resection until the first recurrence 
was eight years, with a range of three to 17 years. At the 
end of the follow-up period, intestinal continuity had been 
maintained in 17 (81%) of the 21 patients who initially 
underwent segmental resections. 


COMMENT 


Lockhart-Mummery and Morson" first stressed that 
operative treatment of patients with Crohn’s disease of- 
fered the best prospects for a return to normal health and 
prolonged freedom from recurrent disease. The ideal 
operation for patients with Crohn's disease limited to the 
colon and rectum has remained uncertain. In 1973, Nugent 
and colleagues? reported a 3% recurrence rate following 
total proctocolectomy with ileostomy in 33 patients with 
Crohn’s colitis. Equally low rates of recurrence after total 
proctocolectomy were reported by others.*:?'* These data 
led many surgeons to believe that total proctocolectomy 
and ileostomy gave the best long-term results for Crohn's 
colitis.*:5 

Roughly 25% of patients with Crohn’s colitis who require 
an operation have absolute or relative rectal sparing.’ These 
patients are candidates for operations that preserve the 
rectum with restoration of intestinal continuity. In 1981, 
Buchmann and colleagues found a 50% cumulative reopera- 
tion rate after 16 to 20 years among 105 patients treated 
by ileorectal anastomosis for Crohn’s disease. They con- 
cluded that ileorectal anastomosis was a safe and useful 
procedure in selected patients with Crohn’s colitis. In 1975, 
Lefton and colleagues: reviewed the cases of 66 patients 
who underwent abdominal colectomies with ileorectal anas- 
tomosis for Crohn’s colitis with rectal sparing. Among 
these patients, 26 had excellent results, 12 had satisfaetory 
results, 21 had unsatisfactory results, and seven never had 
their ileostomy closed. Thus, 58% had satisfactory results. 
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Similarly, Goligher* found a 71% recurrence rate (32 pa- 
tients) in either the ileum or rectum or both in 45 patients 
who underwent an ileorectal anastomosis. 

Surgery for Crohn's disease is not curative. Indeed, if 
patients are followed up long enough, all will have a 
recurrence of their disease. Consequently, high recur- 
rence rates following segmental resection for Crohn's colitis 
should be anticipated. De Dombal et al found that in 89 
patients with segmental disease confined to the large 
bowel, 35 (39.3%) had recurrences after a right-sided 
hemicolectomy, and 28.6% had recurrences after a left- 
sided hemicolectomy. Similarly, Sanfrey and colleagues 
reported a 44% recurrence rate (seven patients) in 16 
patients treated by segmental resections for Crohn's colitis. 
Among five patients treated at the University of Minne- 
sota, Minneapolis, by segmental resection and primary 
anastomosis, two suffered recurrences. 

We followed up 37 patients who required surgical resec- 
tion for Crohn's colitis limited to the colon and rectum 
between 1974 and 1984. Among this group, 21 patients 
with segmental involvement of the colon with rectal sparing 
were treated with segmental colectomy. In this group, a 
62% recurrence rate (13/21) was noted. However, 81% (17/ 
21) of these patients retained enteric continuity after five 
years of follow-up. In contrast, among the six patients who 
required total abdominal colectomy, 67% (4/6) suffered 
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recurrence of disease, while only 50% (3/6) retained bowel 
continuity. In the ten patients with diffuse disease of the 
colon and rectum who required proctocolectomy, small- 
bowel disease subsequently developed in only 20% (2/10). 
Results of this study indicate that a high rate of recurrence 
can be expected following segmental colectomy for Crohn’s 
colitis. Furthermore, it illustrates that although recurrence 
is likely, segmental colectomy delays the need for an 
ileostomy for a significant time. Indeed, in this study, the 
average age at the time of the first recurrence after 
segmental resection was 45 years. In addition, a functioning 
colon and anus are preserved, which results in improved 
quality of life. 

The major advantage of segmental resection in treating 
Crohn’s colitis is delaying the need for a permanent ileos- 
tomy. At the time of last follow-up, enteric continuity had 
been maintained in 75% of the patients in the series 
reported by Sanfrey et al" and in 60% of the patients in 
the University of Minnesota series. These results are 
similar to those in the present series. This study indicates 
that although recurrence of Crohn5 disease may be inevi- 
table, limited resection of colon involved on gross exami- 
nation followed by reestablishment of bowel continuity 
improves the quality of life for these patients both by 
delaying the need for a permanent ileostomy and by 
preserving functioning bowel. 
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Discussion 


Dona.p J. GLorzerR, MD, Boston: Our results in similar patients 
almost exactly parallel those of Longo and colleagues, and I agree 
substantially with their recommendation that resections in colonic 
Crohns disease be limited and dictated by the distribution and 
extent of disease involvement. Their advocacy of limited operation 
is in harmony with a general trend for more conservative proce- 
dures in the treatment of Crohn's disease. 

In this study, segmental operation and more extensive proce- 
dures were not compared in comparable patients. The study 
patients were a very mixed bag, and the type of operation appears 
to have been determined, as it was in our studies of the postoper- 
ative course of colonic Crohn's disease, by the extent and distri- 
bution of disease. 

Do you agree that the strength of any conclusion or implication 
you might draw from the comparison of your groups, especially 
that "less is just as good as more," is weakened by the fact that 
the patients who had the lesser operation had more extensive and 
perhaps more aggressive disease? With the general recognition of 
Crohns disease and its distinction from ulcerative colitis, aren't 
most surgeons probably already doing a segmenta! resection when 
this is feasible? 

I agree with your conclusion that the “best operation" for 
segmental colonie Crohn5 disease cannot be determined solely on 
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the basis of the relative rates of recurrence, since the quality of 
life after operation must be given great emphasis. 


Dr Lowco: The quality of life after extirpative surgery among 


all patients has been good. The patients with intestinal stomas all 
appear to have adjusted well to their appliances. Among the 
patients in whom enteric continuity was retained, those with 
ileorectal anastomoses have between three and five bowel move- 
ments per day, while those with ileocolonic or colocolinic anasto- 
moses have an average of one to three bowel movements per day. 

It appears that patients who have segmental disease not involv- 
ing the rectum have a less fulminant form of colitis and benefit 
from a segmental resection. In patients with total abdominal 
colitis, a more aggressive form of disease is involved, and these 
patients benefit most from a total abdominal colectomy or perhaps 
even a proctocolectomy, when indicated. 

We believe, Dr Glotzer, that the surgical treatment of Crohn's 
colitis should be similar to that of Crohn's disease of the small 
intestine. This includes limited resection of only disease evident 
on gross examination, using very short gross margins. Our study 
results suggest that Crohn's disease of the colon may be success- 
fully treated by limited resection when involvement is segmental. 
In patients with segmental disease, every effort should be made 
to preserve functioning bowel and to delay the need for a stoma. 
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Ultra-High-Frequency Jet Ventilation 


"in a Bronchopleural Fistula Model 


Rocco Orlando III, MD; Eric H. Gluck, MD; Murray Cohen, MD; C. G. Mesologites, MD 


e High-frequency ventilation techniques have been dem- 
onstrated to be useful in decreasing gas loss from broncho- 
pleural fistulas. We performed the present study to evaluate 
the impact of a new jet ventilator design and ventilatory 
frequency on hemodynamics, gas exchange, and bronchial- 
stump gas flow in an animal model of bronchopleural fistula. 
Ten pigs underwent a right-sided thoracotomy and right-sided 
upper pulmonary lobectomy with cannulation of the upper 
lobe bronchus for measurement of bronchial fistula flow rate. 
Animals underwent a random sequence of conventional ven- 
tilation (12 to 20 breaths per minute), conventional high- 


frequency jet ventilation (120 breaths per minute), and ultra- 


high-frequency jet ventilation (UHFJV; 450 breaths per min- 
ute). Hemodynamic measurements were similar in the three 
ventilatory modes, but oxygenation was best with UHFJV. 
Bronchial fistula flow was lowest with UHFJV and greatest 
with conventional ventilation. Ultra-high-frequency jet venti- 
lation demonstrated superior oxygen loading, adequate car- 
bon dioxide elimination, and the least flow through the fistula, 
suggesting that both ventilator design and frequency are 
important therapeutic variables in the management of major 
airway disruption. 
(Arch Surg 1988;123:591-593) 


M3 or bronchial disruption may occur with penetrating 
trauma, mechanical ventilation, or thoracic surgical 


\+ procedures, and it results in gas loss through the damaged 


airways. This loss of effective alveolar ventilation is usually 
associated with a rise in the carbon dioxide tension (Pco,). 
High-frequency ventilation techniques have been useful in 
decreasing air leaks from bronchopleural and tracheo- 
esophageal fistulas both in patients and in experimental 
animals.'* Current Food and Drug Administration regula- 
tions limit high-frequency ventilation to maximum venti- 
latory rates of 150 breaths per minute (2.5 Hz). Conven- 
tional high-frequency jet ventilation (CHFJV) has been 
associated with decreased rates of air leakage, but has not 
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always been successful in achieving adequate oxygenation 
and ventilation. We performed the present study to inves- 
tigate the effect of jet ventilator frequency on oxygenation, 
ventilation, and bronchial-stump gas flow in an animal 
model of severe bronchial disruption. This study is part of 
an ongoing evaluation of the APT 1010 ventilator (Advanced 
Pulmonary Technologies, Glastonbury, Conn), a device for 
ultra-high-frequency jet ventilation (UHFJV) eapable of 
rates as high as 15 Hz (900 breaths per minute). 


MATERIALS AND METHODS 


Ten 50-kg pigs were anesthetized with pentobarbital sodium, 
paralyzed with pancuronium bromide, and intubated with a 9-mm 
jet endotracheal tube (HiLo, National Catheter Inc, Argyle, NY). 
Arterial catheterization was performed via a cutdown for pressure 
monitoring and arterial blood sampling. Pulmonary artery cathe- 
terization through the right internal jugular vein was carried out 
with a thermodilution pulmonary artery catheter (American Ed- 
wards, Santa Ana, Calif) for measurement of pulmonary artery 
pressures, venous blood gas sampling, and determination of cardiac 
output. The animals received a balanced salt solution with 596 
dextrose sufficient to maintain mean arterial pressure greater 
than 50 mm Hg and pulmonary artery occlusion pressure greater 
than 7 mm Hg. During the course of the experiment, anesthesia 
was maintained with intermittent doses of pentobarbital and 
pancuronium. 

Following initial instrumentation of the animal and stabilization 
of its condition, a right upper pulmonary lobectomy was performed 
through an anterolateral thoracotomy. The right upper lobe bron- 
chus was cannulated with a 5-mm internal diameter catheter and 
secured so as not to obstruct the lumen of the lower lobe bronchus 
or the trachea. Gas flow through the surgically created fistula was 
measured with a pneumotachograph (Fleisch, Zurich) calibrated 
to a Valedyne differential pressure transducer. 

Each animal was then ventilated with a random sequence of 
conventional positive-pressure ventilation (CPPV) (12 to 20 
breaths per minute), CHFJV at a rate of 2 Hz, and UHFJV at a 
rate of 7.5 Hz. An anesthesia ventilator (Ohio Medical, Madison, 
Wis) was used for CPPV; CHFJV and UHFJV were provided by 
an APT 1010 ventilator The ventilator rate and tidal volume 
during CPPV were adjusted to maintain a Pco, greater than 
30 mm Hg and less than 40 mm Hg. A driving pressure of 50 psi 
was used with both CHFJV and UHFJV; Pco; was maintained in 
the same range by adjusting the inspiratory time. Arterial blood 
gas levels, hemodynamic data, and bronchial fistula flow rates 
were recorded as the animal was given ventilation in the different 
modes. Oxygenation was assessed with the arterial-alveolar oxy- 
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50-kg Pigs 
GEA 
PA Catheter 
Arterial Catheter 


Stabilization 
IV Fluids to Keep: 
MAP>50 mm Hg 
PAOP>7 mm Hg 


R Thoracotomy 
R Upper Lobectomy 


Cannulation RUL Bronchus 


Randomization 


CHFJV UHFJV 


Measurements 


ABGs 
Hemodynamics 
BPF Flow 


Experimental protocol. GEA indicates general endotrachial anes- 
thesia; PA, pulmonary artery; MAP, mean arterial pressure; PAOP, 
pulmonary artery occlusion pressure; RUL, right upper lobe; CPPV, 
conventional positive-pressure ventilation (12 to 20 breaths per 
minute); CHFJV, conventional high-frequency jet ventilation (120 
breaths per minute); UHFJV, ultra-high-frequency jet ventilation 
(450 breaths per minute); ABG, arterial blood gas; and BPF, 
bronchopleural fistula. 


gen tension ratio and the ratio of oxygen tension to the fraction 
of inspired oxygen (F10;) (Figure). 

The analysis of variance with Bonferronis modification was 
applied to each variable with a microcomputer-based statistical 


package. 
RESULTS 


Hemodynamic measurements, including mean arterial 
pressure pulmonary artery occlusion pressure, and cardiac 
output were similar with all three ventilatory modes (Table 
1) Oxygenation was assessed with the oxygen tension- 
F10, ratio and the arterial-alveolar oxygen tension ratio. 
The highest oxygen tensions were observed with UHFJ V, 
and the lowest were seen with CPPV All intergroup 
comparisons were statistically significant (Table 2). 

Oxygen delivery, the product of arterial oxygen content 
and cardiac output, was 164 mL/min with UHFJV, 
166 mL/min with CHFJV, and 150 mL/min with CPPV, 
(significantly lower during CPPV; P —.05). | 

The Pco, was lowest with CHFJV and highest during 
CPPV (P<.05). During UHFJV, the Pco. was between 
that observed with the two other support modes and was 
not statistically significantly different from either (Table 
2). 
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Table 1.—Hemodynamic Data 
Ventilation 
ee 
Conventional Ultra- 
High- High- 
Frequency Frequency 
Conventional Jet Jet 






Mean (+ SD) arterial 
pressure, mm Hg 


Mean (+ SD) pulmonary, 
artery occlusion 
pressure, mm Hg 


Mean (+ SD) cardiac 
output, L/min 





109+18 104+21 105+19 















11.5+3.0 13.1+1.2 13.2+3.4 













Ventilation 


Ultra- 
High- 
Frequency 
Jet 


Conventional 
High- 
Frequency 
Conventional Jet 


Mean (+ SD) 
a/A ratio 


0.27+0.05f 0.39+0.04¢ 0.48+0.05 


Mean (+SD) 
Pos/Fio; ratio 


Mean (+SD) 
Pcoz, mm Hg 


Mean (+SD) 
BPF flow, L/min — 6.04 - 3.3f 2.99 —-1.5f 1.5*-0.9t 


*a/A indicates arterial-alveolar oxygen tension; Pos, oxygen tension; Fios, 
fraction of inspired oxygen; Pcos, carbon dioxide tension; and BPF, bron- 
chopleural fistula. 

tP<.01. 

tP<.05. 


230 + 1401 304+ 139 369 + 1891 


34.5 - 4.71 29.1+7.2 31.38.41 


Bronchial stump flow was greatest with CPPV, was 
intermediate during CHFJV, and was lowest with UHFJV; 
all comparisons were statistically significant (Table 2). 


COMMENT 


High-frequency ventilation techniques have been devel- 
oped, in large part, in an attempt to minimize the poten- 
tially harmful effects of increased intrathoracic pressure 
resulting from mechanical ventilation. The major concerns 








have been a desire to reduce cardiovascular depression and j / 


to prevent or limit lung injury during ventilator therapy. 
Although there has been controversy about the effect of 
high-frequency ventilation on cardiovascular stability, 
there is general agreement that it is beneficial in dealing 
with iatrogenic barotrauma and bronchopleural fistulas. 

In large bronchopleural fistulas, gas delivered with 
CPPV bypasses the alveoli. The large fistula flow results 
in decreased carbon dioxide elimination, hypercarbia, and, 
ultimately, acidosis and hypoxemia. Decreased fistula flow 
rates have been reported with high-frequency jet ventila- 
tion when compared with conventional ventilation,?* a 
finding that we have confirmed. Several of these reports 
have correlated the lower fistula flow rates with lower peak 
and mean airway pressures during jet ventilation.2* 


In previous reports of jet ventilation in bronchopleural , 


fistulas, improvements in gas exchange have not been 
observed. In our study, not only was fistula flow rate lower, 
but oxygenation was better with CHFJV and best with 
UHFJV Many different high-frequency ventilators have 
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been described, each with a different means of producing 
pulses of gas flow and each with different provisions to 
permit the entrainment of gas.° In part because of the 
many different kinds of jet ventilators in use and in part 
because of Food and Drug Administration requirements 
that commercially available jet ventilators not be used at 
rates greater than 2.5 Hz, previous reports have not 
analyzed the impact of frequency on bronchopleural fistula 
flow rate. Our results indicate that a higher frequency 
(7.5 Hz) was associated with the lowest fistula flow rate 
and the best oxygenation. This occurred with no difference 
in hemodynamic measurements in the three ventilatory 
modes. 

Reduction of bronchopleural fistula flow rate is an im- 
portant therapeutic goal because it promotes healing in 
these injuries.* As a result, UHFJV is particularly prom- 
ising in cases of thoracic trauma with disruption of the 
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trachea or bronchi. In addition, increases in minute venti- 
lation with CPPV may cause cardiovascular depression 
when levels sufficient to eliminate carbon dioxide are 
reached. Ultra-high-frequency jet ventilation may allow 
adequate gas exchange without causing cardiovascular 
depression to a similar degree. 

Jet ventilator frequency has not been previously ad- 
dressed as an important determinant of bronchopleural 
fistula flow rate. This may be related to limitations of older 
jet ventilator designs that were associated with inadequate 
carbon dioxide elimination, overdistention of the lung, and 
cardiovascular depression. The ventilator used in the pres- 
ent study did not seem to cause any of these problems. 
Improved ventilator design may warrant a reevaluation of 
the effect of frequency, not only on fistula flow rate in 
bronchial disruption, but on oxygenation, carbon dioxide 
elimination, and, perhaps, cardiovascular stability. 
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Discussion 


HERBERT B. HEcuTMAN, MD, Boston: I have several questions: 
What were the airway pressures? Can knowing these allow us to 
understand the reduction of the fistula flow rate and perhaps the 
benefits of the ultra-high-frequency that you applied? 

Was the chest closed after creation of the fistula? If so, what 
was the pleural pressure? Can knowing this help us understand 
the downward drift of cardiac output in the high-frequency group, 
a value that, had you done many more of these studies, might have 
become significantly depressed? 

Finally, if oxygen transport (ie, the product of oxygen content 
and flow) is the same in the CPPV and the CHFV groups, what is 
the advantage of one technique vs the other? For example, do you 
believe that the lower fistula flow rates might favor lung healing? 

WiLFogp B. Neptune, MD, Boston: It is frequently very 
difficult to transfer an experimental model using a normal animal 
to a clinical situation with a sick patient in an intensive care unit. 
We have become increasingly disenchanted with jet ventilation 
when used for more than 36 hours at a time. We find that for 
prolonged periods, we simply cannot maintain satisfactory moni- 
toring levels, and we start running into local complications in the 
tracheobronchial mucosa that probably are related to inadequate 
humidification of the jet. It may be that the chief use of this 
technique will be for temporizing an acute situation until surgical 
treatment can be administered. One example would be a clinical 
situation comparable to the experimental model presented in this 
article. Another use would be for maintaining a quiet operative 
field, as in repair of an aneurysm or taking down of an internal 
mammary artery. 
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Dr ORLANDO: We monitored airway pressures, and found that 
they mirrored bronchial fistula flow rates. The airway pressures 
were lowest with UHFJV, highest with CPPV, and intermediate 
with CHFJ V. 

The chest was left open after creation of the bronchopleural 
fistula in these experiments. This may have important impact on 
hemodynamics. Cardiovascular depression is greater in a closed- 
chest model than in an open-chest model. The chest was left open 
to eliminate this variable. 

Although oxygen transport was similar, we believe that a lower 
fistula flow rate will promote healing and that the sooner one can 
reduce the fistula flow rate, the sooner the fistula will heal. 

To answer Dr Neptune, first let me point out that after listening 
to his elegant presentation yesterday, it seems that this kind of 
device is not much needed in his institution, since he is able to do 
so much thoracic surgery without ever seeing this complication. 
Nonetheless, we are now using UHFJV clinically, and we are using 
it for long periods of time. I think he has rightly pointed out that 
humidification of the jet ventilation gas source is important. 
Although we did not use humidification in this experiment, we are 
able to adequately saturate gases when the APT 1010 is used 
clinically. In our patients, we have not seen excessive drying of 
airways. 

In another series of animals that were studied and ventilated 
for long periods of time, we looked histologically at the airways 
and found that with adequate humidification, there was not a 
deleterious effect on the airways from prolonged jet ventilation. 
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Significant success against staphylococci 3 
In a recent study, ZINACEF was shown to be E 
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preventing postoperative wound infections following a 
open-heart surgery’”’'—especially against Staphylococcus 1 
aureus and S epidermidis. 





Reduces postoperative complications— 3 
infectious and financial 

w  Arecent nationwide analysis revealed that each 
postoperative wound infection represents a 
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By reducing the rate of infection, ZINACEF can help 
reduce these losses. 
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Brie! summary. Before prescribing, consult complete Prescribing Information. 

INDICATIONS AND USAGE: ZINACEF? is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicillin-resistant strains), Klebsiella sp. S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 

2. Urinary Tract Infections caused by £ coli and Klebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae 

(including ampicillin-resistant strains), and Klebsiella sp. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains). 
Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptibie 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have been isolated. Appropriate cultures and susceptibility studies should be performed to deter- 
mune the susceptibility of the causative organisms to ZINACEF 

Therapy may be started while awaiting the results of these studies: however, once these results become available. the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
Negative sepsis or in patients with other serious infections in which the causative organism has not been identified, 
ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of doth 
antibiotics may be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 

causing bacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 

cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 
procedures. Effective prophylactic use of antibiotics in surgery depends on the time of administration. ZINACEF® (sterile 
cefuroxime sodium, Glaxo) should usually be given one-half to one hour before the operation to allow sufficient time to 
achieve effective antibiotic concentrations in the wound tissues during the procedure. The dose should be repeated 
intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce 
the incidence of subsequent infections but will increase the possibility of adverse reactions and the development of 
bacterial resistance. 

The perioperative use of ZINACEF has also been effective during open heart surgery for surgical patients in whom 
infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procedure ends. If an infection is present, specimens for culture 
should be obtained for the identification of the causative organism and appropriate antimicrobial therapy should be 
instituted. 

CONTRAINDICATIONS: ZINACEF? is contraindicated in patients with known allergy to the cephalosporin group of 

antibiotics. 

WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 

MINE WHETHER THE PAT'ENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. PENICIL- 

LINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 

ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FCRM 

OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG. 

SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); 

therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by C difficile is one primary cause of antibiotic-associated colitis Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed with 
fiuid, electrolyte, and protein supplementation as indicated. 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous colitis produced by C difficile Other causes of colitis should also be 
considered. 


PRECAUTIONS: Although ZINACEF? rarely produces alterations in kidney function, evaluation of renal status during 
therapy is recommended, especially in seriously ill patients receiving the maximum doses. Cephalosporins should be 
given with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of 
adversely affecting renal function. 

The total daily dose of ZINACEF should be reduced in patients with transient or persistent renal insufficiency because 
high and prolonged serum antibiotic concentrations can occur in such individuals from usual doses 

As with other antibiotics, prolonged use of ZINACEF may result in overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy. appropriate measures should be taken 

Broad-spectrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and 
cephalosporins. 
Interference with Laboratory Tests: A false-positive reaction for glucose in the urine may occur with copper reduction 
tests (Benedict's or Fehlinc's solution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (ec. 
Tes-Tape®). As a false-negative result may occur in the ferricyanide test, it is recommended that either the glucose oxi- 
dase or hexokinase method be used to determine blood plasma glucose levels in patients receiving ZINACEF 

Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method. 

is, Mutagenesis, Impairment of Fertility: Although no long-term studies in animals have been performed 

to evaluate carcinogenic potential, no mutagenic potential of cefuroxime was found in standard laboratory tests. 

Reproductive studies revealed no impairment of fertility in animals 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and rabbits 
at doses up to 60 times the human dose and have revealed no evidence ot impaired fertility or harm to the fetus due to 
ceturoxime. There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction 
Studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed 
Nursing Mothers: Since ZINACEF is excreted in human milk, caution should be exercised when ZINACEF is administered 
to a nursing woman. 
Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established Accumulation of 
other members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been 
reported. 





_ ADVERSE REACTIONS: ZINACEF* is generally well tolerated. The most common adverse effects have been local 


reactions following intravenous administration. Other adverse reactions have been encountered only rarely 

Local Reactions: Thrombophlebitis has occurred with intravenous administration in 1 in 60 patients. 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 
nausea (1 in 440 patients). Symptoms of pseudomembranous colitis can appear during or after antibiotic treatment 
Sone memd Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 
ZINACEF and include rash (1 in 125). Pruritus, urticaria, and positive Coombs’ test each occurred in less than 1 in 250 
patients, and, as with other cephalosporins, rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson 
syndrome have occurred. 

Blood: A decrease in hemoglobin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in 1 in 
14 patients. Less common reactions seen were transient neutropenia (less than 1 in 100 patients) anc leukopenia (1 in 
750 patients). A similar pattern and incidence was seen with other cephalosporins used in controlled studies. 

Hepatic: Transient rise in SGOT and SGPT (1 in 25 patients), alkaline phosphatase (1 in 50 patients), LDH (1 in 75 patients), 
and bilirubin (1 in 500 patients) levels has been noted. 

Kidney: Elevations in serum creatinine and/or blood urea nitrogen and a decreased creatinine clearance have been 
observed, dut their relationship to cefuroxime is unknown. 


HOW SUPPLIED ZINACEF® is a dry, white to off-white powder supplied in vials and infusion packs 
Each vial contains cefuroxime sodium equivalent to 750 mg, 1.5 g, or 75 gof cefuroxime. ZINACEF in the dry state 
should be stored between 15* to 30°C (59° to 86°F), and protected from light. 
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NDC 0173-0400-00 75-g Pharmacy Bulk Package (Tray of 6) 
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even know it. The leading cause of 
blindness in adults, glaucoma, has 
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There’s no cure, but there is hope. 

You can stop glaucoma from 
advancing (and many other eye 
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Persistent Acute Pancreatitis 


A Variant Treated by Pancreatoduodenectomy 


Peter L. Rutledge, MD, Andrew L. Warshaw, MD 


€ Acute pancreatitis usually subsides spontaneously or is 


^ complicated by pseudocysts, pancreatic necrosis, or ab- 


scesses. We describe an uncommon variant of acute pancre- 
atitis in which signs of inflammation persist over a number of 
months, waxing and waning but never disappearing. Neither 
identifiable collections nor other targets for surgical drainage 
develop in these patients, nor does their condition ever remit 
enough to allow them to leave the hospital. Eating provokes a 
flareup of inflammation. We have treated five such patients 
with a pancreatoduodenectomy (four patients) or total pancre- 
atectomy (one patient). Each patient had been continuously 
hospitalized for six to 12 weeks before operation. All survived 
the operation and left the hospital eating solid food within 16 
days. In addition to acute inflammation and fat necrosis, the 
resected specimens showed main pancreatic duct stenosis or 
occlusion in three patients, a pancreaticoduodenal fistula in 
one, and a congenital duplication cyst. Pancreatography or 
cholangiography showed the lesion in three of four cases and 
helped in planning therapy. Thus, acute pancreatitis may fail 
to remit because of proximal pancreatic duct obstruction, for 


^7 which pancreatoduodenectomy is a reasonable and effective 


treatment. 
(Arch Surg 1988;123:597-600) 


ae pancreatitis in the great majority of patients 
resolves promptly without the need for surgical 
intervention. Some cases go through a protracted phase of 
pancreatic and peripancreatic swelling, termed a 
phlegmon*?; in most cases this subsides in a few weeks 
without further complications.* Perhaps 5% to 10% of cases 
become complicated by an acute pseudocyst,‘ pancreatic 
necrosis,’ or abscess,* which requires surgical débridement 
and drainage. These complications become apparent within 
the first month after the onset of illness and are best 


“detectable by computed tomographic (CT) scanning.?+# 


- 


We are describing a very small but different variant of 
acute pancreatitis in which there is neither resolution nor 
complieation over a long period ranging up to several 
months. The symptoms and signs of inflammation subside 
with bowel rest but recur with each attempt at resuming 
oral feedings. Computed tomographic scans show no col- 
lection to drain or area of necrosis to débride. The situation 
is puzzling and frustrating, for it appears to be endless. 

We have approached this dilemma in five patients by 
resecting the pancreatic head and duodenum six to 12 
weeks after the onset of the acute attack. We emphasize 


Accepted for publication Jan 27, 1988. 

From the Surgical Services, Massachusetts General Hospital, and the 
Department of Surgery, Harvard Medical School, Boston. 

Read before the Annual Meeting of the New England Surgica! Society, 
Bretton Woods, NH, Sept 11, 1987. 

Reprint requests to ACC 336, Massachusetts General Hospital, Boston, 
MA 02114 (Dr Warshaw). 


Arch Surg— Vol 123, May 1988 


that this is not equivalent to the early pancreatic resection 
that is intended to control fulminant acute pancreatitis in 
the first few days.” The latter is aimed at an entirely 
different phase and aspect of the disease, is associated 
with a high mortality rate, and is a concept we do not 
endorse. Instead, this report concerns a subset of patients 
who have sustained an injury to the pancreatic duct system 
or who have some other factor that prevents complete 
healing and the return of well-being despite prolonged 
efforts at conservative nonoperative therapy. 


PATIENTS 


Over a period of 16 years (1972 to 1987), one of us (A.L.W.) 
treated several hundred patients with pancreatitis at the Massa- 
chusetts General Hospital (MGH), Boston. From this group, five 
cases were treated by pancreatoduodenectomy (four patients) or 
total pancreatectomy (one patient) because of nonresolving 
acute pancreatitis necessitating continuous hospitalization for a 
minimum of six weeks. These five patients constitute a highly 
selected group culled from a referral practice, and they represent 
much less than 1% of the patients with acute pancreatitis seen 
during this interval. Some of the clinical features are included in 
Table 1. 


REPORT OF CASES 


Case 1.—A 19-year-old woman was well until signs of acute 
peritonitis developed; these were thought to be due to acute 
cholecystitis and gallstones. She underwent expleration and was 
found to have severe acute pancreatitis with an inflammatory mass 
filling the right upper quadrant and a subhepatic abscess, which 
was drained. Her condition improved slowly over the next three 
weeks, but a high fever, leukocytosis (white blood cell count of 
24 x 10*/L [24 x 10*/mm?]), and bacteremia developed when feeding 
was restarted. Ultrasonography showed an edematous pancreas 
and was misinterpreted as also showing cholelithiasis and a dilated 
common bile duct. 

When the patient was admitted to the MGH, the serum amylase 
concentration was elevated, and the bilirubin concentration was 
41 x 10-5 pmol/L (2.4 ng/dL). Four weeks after the first operation, 
she underwent reexploration, and the diagnosis of persistent 
severe acute pancreatitis was confirmed. A markedly inflamed 
gallbladder was removed, the common duct was drained with a 
catheter via the cystic duct, and another subhepatic abscess was 
drained. There were no stones in the gallbladder, and its inflam- 
mation was extrinsic. Because of persistent fevers, the patient 
underwent reexploration, and another abscess was drained one 
week later. 

Over the next six weeks, she showed no further evidence of 
sepsis but continued to exhibit signs of smoldering pancreatitis. 
Each of many attempts to feed her led to elevations of the serum 
amylase concentration and the white blood cell count, which would 
promptly subside when the patient fasted. A CT scan showed mild 
swelling of the pancreatic head and suggested that there was a 
2-cm elongated cystic structure in the head. A cholangiogram via 
the cystic duct catheter showed an intrapancreatic 1- to 2-cm 
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Table 1.—Clinical Features of Five Patients With Persistent Acute Pancreatitis 


Signs and Symptoms 
Patient That Increased in 
No. Response to Feeding 


Duration of 
Persistent Acute 
Pancreatitis, Weeks 
Before Surgery 


Ultrasound and 
Computed Tomographic 
Scan Findings 


White blood cell count, fever, pain 12 Inflammation in and around pancreatic head 
White blood cell count, pain Edema of pancreatic head 


White blood cell count, fever, pain 


Amylase concentration, white blood cell count, pain 








Fig 1.—Cholangiopancreatogram of patient 1. Note anomalous 
saccular structure, which fills from ampullary region. Bile duct and 
pancreatic duct are slightly dilated. 


tubular structure filling from the junction of the pancreatic and 
bile ducts (Fig 1). The pancreatic duct was dilated distal to this 
abnormality. 

Twelve weeks after the onset of illness, a pancreatoduodenec- 
tomy was performed. Recovery was uncomplicated, and she was 
discharged receiving no medications and eating a regular diet 
after 14 days. She subsequently gained 16 kg and was completely 
well, - 

Examination of the specimen showed acute pancreatitis with fat 
necrosis. There was an enteric duplication cyst communicating 
with the junction of the bile duct and pancreatic duct within the 
pancreatic head. The cyst was lined with biliary epithelium and 
contained a stone. 

Case 2.—During cholecystectomy, an apparent mass was noted 
in the head of the pancreas of a 57-year-old woman. A transduo- 
denal needle biopsy specimen showed a normal pancreas, but 
severe acute pancreatitis developed afterward. Two weeks later 
she was found by CT scan to have a pseudocyst in the pancreatic 
head, which was drained by percutaneous catheter. Injection of 
contrast into the cavity showed a fistula to the duodenum. The 
catheter ceased draining and was removed after a week. The signs 
of inflammation slowly subsided but recurred three weeks later. 

She was transferred to the MGH with a temperature of 38.3°C 
and a white blood cell count of 11.6 x 10%/L (11.6 x 108/mm!). The 
serum amylase concentration was normal. A CT scan showed 
inflammatory swelling of the pancreatic head with signs of inflam- 
mation extending inferiorly along the right psoas muscle (Fig 2). 
Her pain and fever subsided after two days of fasting, but over the 
next five weeks four attempts to feed her failed; each time she had 
spiking fevers, leukocytosis (white blood cell counts, 14 x 10°/L to 
15 x 109/L [14 x 10?/mm? to 15 x 10:/mm?]), and pain. 

Six weeks after transfer and 12 weeks after the onset of 
pancreatitis, a Whipple resection was performed. The head of the 
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6 
6 Swelling of pancreatic head 
6 Enlarged pancreatic head 


Fig 2.—Computed tomographic scan of patient 2. Head of pancreas 
is swollen, and there is inflammatory reaction in surrounding 
tissues, with extension down retroperitoneum on right. There is no 


sign of liquefaction or abscess. "4,7 


gland was acutely inflamed, with loss of tissue planes in the 
region. The pancreatic duct was obliterated at the resection 
margin, and the pancreatic stump was oversewn without anasto- 
mosis. Her postoperative course was uncomplicated, and she was 
discharged on the 16th day after surgery and remained well while 
receiving oral pancreatic enzymes. 

Examination of the resected specimen showed severe acute 
inflammation of the pancreas, necrosis of the adjacent wall of the 
duodenum, and two 1-cm holes in the duodenal wall (pancreatico- 
duodenal fistulas). 

Case 3.—A 47-year-old alcoholic man had had recurrent acute 


pancreatitis for one year. His current hospitalization hadi <¢ 


begun two months before transfer to the MGH. At admission he 
was afebrile, but the white blood cell count was 12x 10%/L 
(12 x 10*/mm?). After his condition initially improved while he was 
fasting, an endoscopic retrograde cholangiopancreatogram 
(ERCP) showed a normal duct of Wirsung. Each time feeding was 
attempted, however, his pain recurred, and the white blood cell 
count rose to 15 x 10*/L (15 x 10*/mm?). On several occasions, CT 
scans and ultrasound showed a low-density solid but hypoechoic 
area measuring 3 to 5 em in the pancreatic head, consistent with 
edema. Six weeks after admission, a Whipple pancreatoduodenec- 
tomy was performed. He left the hospital eating a regular diet 12 
days later and remained free of pain and well. 

The head of the gland was acutely inflamed, and microscopic 
examination showed acute pancreatitis with pancreatic and peri- 
pancreatic fat necrosis. There was short fibrous stricture of the 
main pancreatic duct 2 cm from the ampulla. 

Case 4.—A 65-year-old woman was transferred from another 
hospital after two weeks of subacute pancreatitis. She was a 
reformed alcoholic with a three-year history of abdominal pain. 
At admission she had a temperature of 38.3°C and a tender 
epigastrium. The serum amylase concentration was normal, but 
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Table 2.— Duct Abnormalities Found in Five Patients With 
Persistent Pancreatitis 


No. Duct Abnormalities 


Intrapancreatic enteric duplication cyst, pancreatic duct 
dilatation 









2 Main pancreatic duct occlusion, pancreatoduodenal fistulas 
3 Proximal pancreatic duct stenosis (recent) 

4 Proximal pancreatic duct stricture (chronic pancreatitis) 

5 Dilated duct of Wirsung with stones, pancreas divisum 







the white blood cell count was 12x 10%”/L (12 x 10?/mm?). Ultra- 
sound showed pancreatic calcification and swelling in the head of 
the gland. Endoscopic retrograde cholangiopancreatography 
showed proximal stenosis of the duct of Wirsung. At laparotomy 


. the gland was diffusely inflamed; a needle biopsy specimen showed 
-severe focal acute pancreatitis. No therapeutic procedure was 


performed on the pancreas at this time. 

Over the next month she continued to have low-grade fevers, 
and the leukocyte count ranged between 10 x 10/L and 12 x 10*/L 
(10x 105/mm? and 12x 10/mm?). Six weeks after the onset of 
illness, she underwent a total pancreatectomy. Her postoperative 
course was uncomplieated. She was discharged 15 days later 
receiving oral pancreatic enzymes and 35 U/d of insulin. 

Examination of the resected specimen showed acute and chronic 
pancreatitis, widespread fat necrosis, and multiple intraductal 
calculi. 

CasE 5.—A 33-year-old man with a 13-year history of recurrent 
acute pancreatitis was admitted during an attack. His admission 
serum amylase concentration was seven times normal, and the 
white blood cell count was 17.8x10%/L (17.8 x 10?/mm?) After 
three days of nasogastric suction, the pain, leukocytosis, and 
hyperamylasemia resolved. Endoscopic retrograde cholangiopan- 
creatography showed pancreas divisum with a dilated ventral duct 

ontaining stones, but the dorsal duct had a normal configuration. 
Over the next five weeks, each attempt at resumption of feeding 
led to recurrence of his pain, hyperamylasemia, and leukocytosis. 
Ultrasound and CT scans showed an enlarged pancreatic head 
without other abnormalities. Pancreatoduodenectomy was per- 
formed, and the patient was discharged eating a low-fat diet two 
weeks after the operation. 

Histologic examination showed acute and chronic inflammation 
with peripancreatic fat necrosis. 

Ten months later he underwent completion total pancreatectomy 
because of recurrent pain in the left upper quadrant and left 
shoulder. At this time there was no fever, hyperamylasemia, or 
leukocytosis. Examination of the resected specimen showed only 
chronic pancreatitis. 


COMMENT 


The phenomenon of protracted pancreatitis without a 
specific complication has been noted from time to time,®° 
but persisting hyperamylasemia in pancreatitis is often 
indicative of a pseudocyst.*** Veith et al,'? commenting on 
persistent hyperamylasemia in the absence of a pseudo- 
cyst, attributed it to acinar destruction by ongoing inflam- 
mation, perhaps related to acquired pancreatic duct injury 
and obstruction. They also reported prolonged elevation of 
the serum amylase concentration in two patients with no 
apparent pancreatic disease. Indeed, we have found in 117 
patients that persistent hyperamylasemia alone, without 
correlative signs of pancreatic inflammation, is most often 
not of pancreatic origin at all." In our patients, hyperam- 
ylasemia was not a common element; pain and objective 
signs of inflammation were the hallmarks. 

The pancreatic phlegmon differs from the problem we 
are describing in that generalized swelling of the pancreas 
and surrounding tissues is a more prominent feature, and 
most phlegmons subside.* Most of those that do not subside 


~~ 
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degenerate into liquefaction necrosis, pseudocysts, or ab- 
Scesses,??'? [n the variant we are describing, the degree of 
pancreatic and peripancreatic swelling is less prominent 
than the pattern of pain, fever, and leukocytosis, which 
wane with fasting and wax again with each feeding trial. 
Although all had acute inflammation and fat necrosis by 
histologic examination, none of the five patients had an 
undrained abscess, pseudocyst, or loculus of necrotic tis- 
sue. They simply could not be brought to the point of being 
well enough to leave the hospital. 

It seems likely that there is an underlying cause, either 
preexisting or acquired, that propagates the disease and 
will not allow resolution. Salzman and Bartlett," for ex- 
ample, reported unremitting pancreatitis in patients with 
impacted common duct stones or ampullary stenosis; relief 
of the obstruction allowed healing. Gallstones played no 
part in this series, but an abnormality of the pancreatic 
ducts could ultimately be identified in all five cases (Table 
2). Cancer should be added to the list of possible causes. 
We recently treated a patient with a two-year history of 
recurrent acute pancreatitis. He had been hospitalized for 
six of the previous eight months and was receiving long- 
term total parenteral nutrition because feeding caused 
recurrence of acute inflammation, fever, and leukocytosis. 
Repeated CT scans and two previous surgical explorations 
with pancreatic biopsies had failed to show a cancer, but 
we found an unresectable cancer at the time of intended 
Whipple resection. 

Our decisions to operate on these five patients were to 
some extent born of frustration rather than being based 
on an established rationale. Scanning with ultrasound and 
CT has become the principal modality of detecting the late 
consequences of acute pancreatitis, but they were an 
inadequate means of exposing the underlying duct prob- 
lems in these cases. While ERCP is potentially dangerous 
early in acute pancreatitis, it appears to be safe later in 
the course of the disease." The pancreatic and biliary duct 
abnormalities present in each of our patients either were 
or might have been demonstrated by ERCP. This finding 
is in agreement with the previous observations and sug- 
gestions of Blackburn et al and Scott and Williams. The 
latter authors also endorsed the concept of nonresolving 
acute pancreatitis as a distinct entity and successfully 
treated two patients with pancreatoduodenectomy or total 
pancreatectomy. We cannot state on the basis of our limited 
experience that ductal abnormalities shown by ERCP 
should be an absolute criterion for pancreatoduodenectomy. 
In some cases, the preemptive judgment that resection 
will terminate an otherwise endless process may still be 
justified on the basis of the clinical course. The final 
justification may have to be sought in the resected specimen 
and in the outcome. 

Most of these patients probably have what is now being 
called “obstructive pancreatitis,” in which pancreatic in- 
flammation occurs peripheral to stenosis or to occlusion of 
a main pancreatic duct. The point of obstruction may be 
congenital or acquired." Injury to the duct as a conse- 
quence of acute pancreatitis may thus become a focus for 
ongoing pancreatitis. '* The choice between resection of the 
distal obstructed segment or of the peripheral area of 
injury depends on the site of the obstruction.” In the 
present cases, the location of the injury in the head of the 
gland determined a pancreatoduodenectomy. 

Pancreatoduodenectomy in the face of an acutely in- 
flamed pancreas is a difficult operation, trying the skills of 
the most experienced surgeon. Planes of dissection are 
unclear, and the portal vein is friable and easily damaged, 
perhaps disastrously. Resection is not a remedy to be taken 
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lightly but to be accepted only after patient and assiduous 
effort at bringing about spontaneous resolution by alimen- 
tary rest and parenteral nutrition. We suggest that a 
minimum of one month is not too long to wait before 


considering ERCP and resection. With that caveat in mind, 
we believe that there are a few patients whose nonresolving 
acute pancreatitis can be safely terminated by pancreato- 
duodenectomy or distal pancreatectomy. 
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Discussion 


Davip SENSENIG, MD, Bangor, Me: Thirty-four years ago, I had 
the opportunity to work with Ralph Bowers, MD, at the Eennedy 
Veterans Hospital, Memphis, where he championed the use of 
Roux-en-Y choledochojejunostomy for chronic relapsing pancrea- 
titis. In 1958, he reported on the successful use of this operation 


_ in two cases of persistent acute pancreatitis.? In one case, bile in 


areas of fat necrosis outside the pancreas was demonstrated by 
selective pathologic staining. In his second case, initial control 
was accomplished by T-tube drainage, but recurrence after T-tube 
removal led to choledochojejunostomy, which solved the problem. 

Some years later in Philadelphia, I treated a case of persistent 
acute pancreatitis similar to the cases described by Drs Eutledge 
and Warshaw. Complete control followed the performance »f Roux- 
en-Y choledochojejunostomy. This procedure avoids direct surgery 
on an acutely inflamed pancreas. Based on experience, I think it 
will often accomplish the desired result, and I recommend it to 
Drs Rutledge and Warshaw for their consideration. It involves 
much less surgery for an ill patient. If for some reason Ë should 
fail, it is an important first stage in the event that acditional 
surgery, such as a Whipple pancreaticoduodenectomy or total 
pancreatectomy, would subsequently be required. In eases of 
significant ductal stricture, a distal pancreaticojejunostomy might 
be appropriate. 

GEoRGE Nanni, MD, Boston: For a good many years, I have 
believed that we should be taking a more aggressive surgical 
approach in the treatment of patients with unremitting »ancrea- 
titis of almost every type. It has been my experience that 
procrastination, conservatism, doing lesser procedures, and re- 
peating drainage procedures result in disability (both “nancial 
and physical), drug dependence, and eventual unresectability for 
technical reasons. I think the authors have carefully staked out a 
small subset of this type of patient. They have defined their ground 
rules, established the diagnosis with the latest techniques, and 
seem to have proceeded with skill to get some very good results. 
There are two dangers to their approach: One is that surgeons 
who try to emulate them may not be as skillful or lueky. The 
second is that surgeons may take them too literally and proceed 
less cautiously and too hastily. 

The authors point out that cancer is a possible cause of this 
obstructive process. A good many years ago, William Silen, MD, 
described a patient in whom he did a Whipple procedure for 
pancreatitis; this patient was found to have a very smal cancer. 
Drs Rutledge and Warshaw had a similar experience; unfortu- 
nately, they got to it a bit late. I was a little luckier with a 45- 
year-old high school principal with fat necrosis, obstruct-ve jaun- 
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dice, and pancreatitis who had undergone multiple biopsies. He 
underwent a bypass procedure and was sent home, and he did 
well. He had a normal duct by ERCP at the time of his discharge. 
At a follow-up examination three months later, the duct was still 
normal. Our gastroenterologist examined him six months after 
his discharge, and the patient underwent a Whipple procedure for 
a small carcinoma one year before this report. At this writing, he 
is doing well. 

The only criticism I have of this report concerns nomenclature. 
Should we be calling this operation a pancreaticoduodenal resec- 
tion? Brunschwig may have priority over Whipple. 

Dr WansHAW: Pancreatoduodenectomy in this setting is not an 
easy operation. In my opinion it is much harder to do than a 
pancreatoduodenal resection for cancer because of the inflamma- 
tory reaction. Planes are very difficult to establish, and the 
difficulties with the portal vein in particular may be immense. It 
is certainly an operation to be reserved for a very small percentage 
of patients. 

Dr Sensenig, we do have doubt about choledochojejunostomy as 
an alternative approach. We are aware of the 1958 article by 
Bowers and Riley.? However, in this particular subset of patients 
there is generally a specific problem related to pancreatic duct 
obstruetion— probably in the great majority of these patients if 


i 


we select them properly. It is hard to imagine how a biliary ; ¢ 


diversion would relieve pancreatic duct obstruction or alter the 
stimulation of the pancreas that feeding appears to provoke. 

It should be realized that we are not limiting the concept of 
pancreatic resection for persistent pancreatitis only to pancrea- 
toduodenectomy. As Dr Nardi pointed out, this is really a subset 
of a subset of patients. Obstructive pancreatitis is a variant that 
was defined in the 1984 Marseille reclassification of pancreatitis, !ê 
and it is that phenomenon we think we are dealing with. In cases 
related to those we are describing, the injury may be more distal. 
There will be a duct injury in the body or midpancreas, perhaps 
related to the drainage and subsequent healing of a pseudocyst. 
We have seen a number of patients who have midpancreatie duct 
blocks with persistent symptoms that are relieved by distal 
pancreatectomy. The principle of pancreatic duct obstruction as 
the cause of unremitting pancreatic inflammation distally is the 
same. We are merely calling attention to the idea that patients 
whose pancreatitis does not get better and in whom a specific 
complication that would allow débridement does not develop may 
yet have a specific complication that can be defined and treated. 
We suggest that resection of the appropriate segment of the gland 
is an effective treatment for these patients. 


Persistent Pancreatitis—Rutledge & Warshaw 


, 





ue DENN UERUUEENET CUUNEROUUHERREESI S 1e 


Use of Oxygen Radical Seavengers on 


OT LIT SC cA og 
á > > | Ww T. 


: Autografted Pig Kidneys After Warm 
Ischemia and 48-Hour Perfusion Preservation 


Peter J. Bosco, MD, Robert T. Schweizer, MD 


e Oxygen free radicals generated during the reperfusion of 
an ischemic organ may cause further cellular injury; removal 
of these oxygen radicals by scavengers protects tissue from 
reperfusion injury. Thus, oxygen radical scavengers could 
protect kidneys after warm ischemia and long hypothermic 
perfusion. Porcine kidneys were incubated at 37*C for 45 
minutes, placed on a pulsatile perfusion apparatus at 7°C for 

2448 hours, and then autografted to iliac vessels. Superoxide 
dismutase (10 mg) and catalase (10 mg) in 10 mL of phosphate- 
buffered saline solution were infused into the renal artery 
during a three-minute interval before reperfusion. The kidneys 
treated with the superoxide dismutase-catalase solution had 
significantly improved function compared with controls re- 
ceiving only phosphate-buffered saline solution. The mean 
(-- SEM) serum creatinine level on postoperative day 5 was 
510x100 pmol/L (5.75 1.12 mg/dL) (n— 12) vs the control 
value of 840 + 90 mol/L (9.54 + 1.01 mg/dL) (n = 11). There was 
more extensive cellular damage in the control kidneys. This 
demonstrates the efficacy of oxygen radical scavengers in 
protecting pig kidneys after warm ischemia and prolonged 
preservation. 

(Arch Surg 1988;123:601-604) 


Ko intended for transplantation are often sub- 
jected to both warm ischemia before or at the time 
of removal and cold ischemia caused by preservation. In 
many instances, the damage sustained from ischemic epi- 
sodes results in posttransplantation renal failure, which 
complicates management. When severe, there may be no 
return of renal function. 

There are three phases of renal injury to consider during 
transplantation. Warm ischemia is often variable and 
dependent on the clinical situation. Cold ischemia occurs 
during kidney preservation (a usual duration of two to 50 
hours), but probably results in only moderate additional 
renal damage as most metabolic functions are drastically 
reduced at cold temperatures. The third phase of injury 
occurs during vascular reperfusion. Appropriate interven- 
tion at this time can prevent further injury and reduce the 
\sincidence of acute renal failure following transplantation. 

. During ischemia the cell converts to an anaerobic metab- 
olism, depleting high-energy phosphate stores and accu- 
mulating intermediates capable of reacting with molecular 
oxygen (Fig 1).'* As oxygen is provided to the cell during 
reperfusion, there is a rapid production of oxygen radicals, 
hydrogen peroxide, and subsequent hydroxyl radicals by 
way of the Haber-Weiss reaction.* These highly reactive 
species may directly damage cell membranes through the 
peroxidation of structurally important polyunsaturated 
fatty acids.* The result may be a loss of endothelial integrity 
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with extravasation of intravascular fluid and blood cells 
into the renal parenchyma.‘ The xanthine oxidase system 
and the conversion of hypoxanthine to xanthine has been 
suggested to be the primary generator of oxygen radicals. 
An accumulation of xanthine oxidase, hypoxanthine, and 
xanthine has been demonstrated in several animal studies 
during ischemia.** It has also been demonstrated that 
allopurinol, a xanthine oxidase inhibitor, has a protective 
effect against reperfusion injury.'?* 

Superoxide dismutase (SOD) and catalase (CAT) are 
oxygen radical scavengers that convert the oxygen radical 
rapidly and specifically to molecular oxygen and water, 
thus protecting cells from reperfusion injury.®’°" The 
purpose of our experiment was to evaluate the efficacy of 
SOD and CAT on kidneys subjected to both prolonged 
warm ischemia and cold ischemia via hypothermic perfu- 
sion preservation. 


MATERIALS AND METHODS 


A total of 47 renal autotransplants were performed in Yorkshire 
pigs weighing 15 to 20 kg. Twelve pigs were eliminated from the 
tabulation of results because of anesthetic or technical complica- 
tions as determined at autopsy. General endotracheal anesthesia 
was administered using halothane, nitrous oxide, and pancuronium 
bromide. An indwelling venous catheter was placed in the external 
jugular vein. All pigs received 1 g of cefazolin sodium and 300 mg 
of cimetidine hydrochloride, and lactated Ringer’s solution was 
administered at a rate of 200 mL/h. Through a midline incision, 
the left kidney was exposed and dissected. Mannitol (12.5 mg) 
and heparin (3000 to 4000 U) were given intravenously to all 
animals before the left nephrectomy was performed. The kidney 
was placed in a sterile bag with warm Ringer's solution and then 
in an incubator at 37°C for 45 minutes. The kidney was then placed 
in ice-cold Ringer’s solution and flushed through the cannulated 
renal artery with an intracellular electrolyte solution for five 
minutes. The kidney was then placed on a pulsatile perfusion 
system for 48 hours. The perfusate consisted of 450 mL of 
eryoprecipitated pig plasma, 45 mL of deionized water, 15 mL of 
25% mannitol, 250000 U of penicillin G potassium, 125 mg of 
methylprednisolone sodium succinate, 100 U of heparin sodium, 
and 40 U of insulin zine suspension. The perfusate temperature 
was kept at 5°C to 7°C and infused at a pressure of 60 mm Hg at 
60 pulses per minute. 

After 48 hours, the pigs were reanesthetized and an arterial 
catheter was placed in the left common carotid artery to monitor 
blood pressure. Autotransplants were performed to the right iliac 
vessels. The arterial anastomosis was performed end-to-end using 


7.0 polypropylene suture. The venous anastomosis was performed 


end-to-side using 6.0 polypropylene suture. A ureteral neocystos- 
tomy was created using a submucosal antireflex tunneling tech- 
nique. Before reperfusion, the venous clamp was released and 
3 mL of a solution at 25°C containing 10 mg of SOD and 10 mg of 
CAT (both from Sigma Chemical Co, St Louis) in 10 mL of 
phosphate-buffered saline solution at pH 7.3 was injected by hand 
into the renal artery through a 25-gauge needle. The renal artery 
clamp was then released and the remaining 7 mL of the SOD-CAT 
solution was injected slowly into the renal artery during the 
subsequent three minutes of arterial reperfusion. Control group 
kidneys received only phosphate-buffered saline solution in an 
identical manner. 
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Fig 1.—Schematic of breakdown of high-energy phosphates during ischemia and generation of oxygen radicals 
during reperfusion resulting in tissue injury. Note how allopurinol (xanthine oxidase inhibitor), superoxide dismutase, 
and catalase interfere with this cascade. SOD indicates superoxide dismutase; CAT catalase, e-, electron; OH", 


hydroxy radical; and H;O;, hydrogen peroxide. 


Mean (+SEM) Serum Creatinine Levels in Control and 
SOD-CAT-Treated Kidneys* 


Mean (+ SEM) Serum Creatinine, 
p. mol/L (mg/dL) [n] 











Day | SOD-CAT-Treated Control 


*SOD indicates superoxide dismutase; CAT, catalase; and NS, not 
significant. Differences on postoperative days 5, 6, and 7 were statistically 
significant. 











All pigs were similar in size and weight. No pigs received 
medications postoperatively All pigs were given water and stan- 
dard pig chow starting on the first postoperative day. Pigs were 
placed in individual cages of identical size, resulting in similar 
levels of activity. 

Baseline and daily postoperative serum creatinine levels were 
determined. Pigs were killed eight days after operation and 
autopsies were performed on all animals. A two-tailed Student's 
t test was used for statistical analysis. 

Renal biopsy specimens were prepared for histologic study by 
placing specimens in 1096 formaldehyde solution, embedded in 
paraffin, cut to a thickness of 5 um, and stained with hematoxylin- 
eosin. Additional specimens for electron microscopy were placed 
in formol-glutaraldehyde and then in a sodium cacodylate buffer, 
embedded in a plastic polymer, cut to a thickness of 800 nm, and 
stained with uranyl acetate-lead citrate. A transmission electron 
microscope operating at 60 kV was used for assessment of cell 
ultrastructure. 
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RESULTS 


Baseline serum creatinine levels were nearly identical in 
both groups, indicating similar renal function before trans- 
plantation. Posttransplant serum creatinine levels are 
shown in the Table. Kidneys treated with SOD-CAT had 
better function, with mean serum creatinine levels signifi- 
cantly lower than control kidneys on postoperative days 5 
(P =.019), 6 (P =.004), and 7 (P =.048). There was a higher 
mortality in the control group, in which no animals survived 
beyond day 8, compared with seven survivors (3796) in the 
experimental group. However, some of the animals in both 
groups died of gastric ulceration and intestinal obstruction, 
ie, of causes not directly related to uremia. 

Histologic examination by light microscopy of control 
kidneys showed considerable cellular injury, much greater 
than that seen in the SOD-CAT-treated kidneys (Figs 2 
and 3). Analysis of cellular ultrastructure using electron 
microscopy (Fig 4) demonstrated changes in control kid- 





neys consistent with extensive tubular injury due to--4 


ischemia and reperfusion. These biopsy specimens were 
obtained one hour after vascular reperfusion of autografted 
kidneys. 


COMMENT 


Oxygen is a highly reactive element used by most cells 
to generate adenosine triphosphate by its tetravalent 
reduction to water in the cytochrome system. There is, 
however, a 1% to 2% leak of oxygen radicals from this 
system by way of a univalent reduction of oxygen. The cell 


is normally protected from the harmful effects of these 


radicals by a detoxification system consisting of radical 
free scavengers, ie, SOD, CAT, and peroxidases.* Ischemia 


causes metabolic changes within the cell so that on reoxy- . 


genation, there is an enhanced production of the free 
radicals superoxide, the oxygen radical, hydrogen perox- 
ide, and the hydroxy radical.* The detoxification system is 
overwhelmed and cellular injury by oxygen radicals ensues. 
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Fig 2.—Sections of control kidney after 45 minutes of warm ischemia and 48 hours of machine preservation before 
(left) and after (center) one hour of reperfusion. Extravasation of red blood cells, changes in proximal tubule cell 
structure, sloughing of tubule cells, cast formation, and interstitial edema are present. Right, Open renal biopsy 
specimen from control animal on postoperative day 8. Note extensive tubular injury due to ischemia (hematoxylin- 
eosin, original magnification x 250). 





Fig 3.—Kidney treated with superoxide dismutase—catalase at reperfusion. Left, Immediately before reperfusion. 
Center, Less tubular damage is shown one hour after reperfusion and treatment than in Fig 2, center. Well-formed 
tubules with less sloughing and less red blood cell extravasation are seen. Right, Open biopsy specimen on 
postoperative day 8 from same animal as at left and center. Note absence of casts, well-formed tubules, and evidence 
of regenerative activity. This kidney had recovered from its ischemic insult (serum creatinine, 200 pmol/L 
[2.3 mg/dL]) (hematoxylin-eosin, original magnification x 250). 
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Fig 4.—Proximal convoluted tubules in normal kidney (left), superoxide dismutase—catalase—treated kidney (center), 
and control kidney (right) one hour after reperfusion. Mitrochondrial depletion, disruption of brush border, wrinkling 


of basement membrane, and nuclear clumping are seen in control kidney. Changes are consistent with extensive 
tubular injury due to ischemia and reperfusion (original magnification x 4800). 


The xanthine oxidase system and the conversion of 
hypoxanthine to xanthine has been suggested to be the 
primary generator of oxygen free radicals.'?* Miller et al* 
reported a substantial increase in the hypoxanthine levels 
in ischemic kidneys. This suggested a loss of purine bases 
from the hypoxic cell (Fig 1). Allopurinol is believed to be 
beneficial in protecting cells against ischemia by prevent- 
ing the breakdown of purine bases and the formation of 
. free radicals. Vasko et al? described a significant reduction 
in the mortality rate of dogs treated with allopurinol (100 
mg/kg) before renal ischemia and subsequent nephrec- 
tomy.? However, the human kidney has very little xanthine 
oxidase.!5 
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Superoxide dismutase and CAT are oxygen radical scav- 
engers that can protect cells from the effects of free radicals 
generated during reperfusion.'*" In 1985, Baker et al 
demonstrated the protective effect of SOD in rat kidneys 
subjected to 45 and 60 minutes of warm ischemia by 
occlusion of the renal artery. These investigators noted a 
return of substantially elevated serum creatinine levels to 
normal following the third postoperative day. 

In 1985, Koyama et al* used SOD in pig renal allografts 
following 24 hours of cold storage at 4°C. They were able 
to demonstrate significantly improved renal function in 
SOD-treated kidneys by measuring the creatinine clear- 
ance from ureterostomies on the second postoperative day. 
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The present study extends those previous observations 
in pig kidneys by adding a warm ischemia time of 45 
minutes and a cold ischemia preservation time of 48 hours, 
to approximate clinical conditions more closely. Autografts 
were performed to eliminate the allograft immune response 
that would interfere with the determination of renal func- 
tion. Our results demonstrate a more rapid recovery of 
renal function in kidneys treated with SOD-CAT before 
reperfusion. In control animals, a twofold to threefold 
elevation in the serum creatinine level was seen on post- 
operative days 5, 6, and 7, compared with the treatment 
group. Histologic sections from open renal biopsies in the 
SOD-CAT-treated kidneys showed a much lesser degree 
of injury than those from controls. 

A nearly identical rise in the serum creatinine level was 
observed in both groups for the first three postoperative 
days. This similar rise in the creatinine level in both groups 
may be explained by the injury due to ischemia alone, 
since it occurred in both groups. The more rapid recovery 
of renal function observed in the SOD-CAT-treated kidneys 
would then be explained by the protection of the oxygen 
radical scavengers against reperfusion injury. 

The measurement of the serum creatinine level as an 
indicator of renal function in certain instances is not as 


T ise = 


sensitive as other methods. However, the animals in the 
present study were similar in terms of medications re- 
ceived, body weight, age, diet, and activity. Baseline serum 
creatinine levels were essentially identical. Serum creati- 
nine measurement in this setting can be a useful method * 
for assessing larger differences in renal function, and is 
the clinical method used most frequently. 

Mannitol is known to possess hydroxy] radical scavenging 
properties. All pigs received mannitol before vascular 
reperfusion to simulate closely our existing clinical renal 
transplantation protocol. Any protective effect by mannitol 
would be of benefit to both the experimental and control 
groups. 

Several fatal clinical conditions result in ischemic renal 
injury and thus prevent the use of those kidneys for 
transplantation. Examples are sudden cardiac arrest, con- 
gestive heart failure, and hemorrhagic shock. With rapid 
in situ cooling, some of those patients could undergo 
postmortem nephrectomies, resulting in kidneys viable at 
transplantation. The results of our study indicate that the ~ 
use of SOD-CAT on reperfusion might improve the function 
of such kidneys. These methods would thereby increase 
the number of kidneys available for transplantation. 
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Discussion 


A. BENEDICT Cosimi1, MD, Boston: The first article reporting 
the use of oxygen radical scavengers for protection of transplanted 
organs was from Minnesota in 1974. To date, there has not been 
much clinical application of this approach. The major focus in 
transplantation for the past 20 years has been on technical 
improvements and refinement in immunosuppression protocols. 
Results were not good enough in these areas to be concerned 
about trying to make marginal organs work. Now, with improved 
immunosuppression and technical approaches available, the insuf- 
ficient number of donor organs has become the major limiting 
factor for transplantation. 

Review of the current results of organ transplantation indicates 
that the number of allografts lost to ischemic injury is now 
approximately equal to the number lost to rejection. For example, 
one of the major indications for liver retransplantation is primary 
nonfunction of the initial organ secondary to ischemic damage. As 
the authors point out, if we could salvage marginal organs by 
using oxygen radical scavengers, we might then consider extending 
the donor pool even further, eg, to patients who suffer irreversible 
cardiac arrest on arriving at the emergency department. Cur- 
rently, we cannot consider these patients as possible donors, even 
though the family may wish them to be used. Experience with 
currently available preservation techniques emphasizes that those 
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organs will not be viable by the time we get the patient to the 
operating room and remove the organs. ¢ 

Thus, it is clearly essential that studies like this one be pursue 
I would like to ask two questions. You have pointed out that there 
are three times that the donor organ is injured. I think that there 
is another, perhaps more important, time. This is the premortem 
period when the patient may be hypotensive for many hours and 
then be evaluated as a possible donor. I think that is when the 
organs suffer their most severe injury. Do these radical scavengers 
work if they are given after the donor organ has been insulted for 
long periods of time? Second, based on your laboratory results, 
have you tried any of these approaches clinically? 

Dr Bosco: I agree with Dr Cosimi about the importance of renal 
injury before death and its effect on successful transplantation. 
The potential organ donor who has intermittent hypotension 
receiving vasopressors that commonly reduce renal blood flow 
undoubtedly has ischemic renal damage. Vasoconstriction in re- 
sponse to hypotension and/or vasopressors is a physiologie event 


that needs to be addressed in the unstable organ donor. Oxygen ~*~ 


radical scavengers may play an essential role in preventing further 
injury in those kidneys. Oxygen radical scavengers are not yet 
approved for human use, and, therefore, clinical trials have not 
been completed to my knowledge. 


Oxygen Radical Scavengers— Bosco & Schweizer 
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BRIEF SUMMARY 

UNASYN* (ampicillin sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below. 

Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli,* Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus. * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of Escherichia coli,* and 
Bacteroides spp.* (including B. fragilis*). 

*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
sc seg organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 

Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™, Benedict's Solution or Fehling's Solution. It is 
. recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 


f | Testape™) be used. Following administration of ampicillin to pregnant women, a transient decrease in 


plasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy 

Pregnancy Category B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 

Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of coritrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 

Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 

Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 

ADVERSE REACTIONS 

UNASYN is generally well tolerated. The following adverse reactions have been reported. 


‘= Local Adverse Reactions 


Pain at IM injection site— 1696 

Pain at IV injection site—3% 

Thrombophlebitis— 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 


were: 
Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 
Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 
increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 
Blood Chemistry: Decreased serum albumin and total proteins. 
Renal: Increased BUN and creatinine. 
Urinalysis: Presence of RBC's and hyaline casts in urine. 
The following adverse reactions have been reported with ampicillin-class antibiotics and can also occur 
with UNASYN. 
— Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 
colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 
: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Effect of B-Adrenergic Blockade 


on the Growth Rate of 


Abdominal Aortic Aneurysms 


Steven D. Leach, MD; Allan L. Toole, MD; Harold Stern, MD; Ralph W. DeNatale, MD; M. David Tilson, MD 


e We retrospectively identified 136 patients with abdominal 
aortic aneurysms (AAAs) who were initially evaluated as 
outpatients. Twenty-seven of these patients met the following 
criteria for eligibility in the study: (1) roentgenographic doc- 
umentation of an AAA larger than 3 cm, (2) at least two serial 
ultrasound size determinations over a minimum six-month 
interval, and (3) a documented medication history. Of these 
27 patients, 12 received long-term Q-blockade, while 15 re- 
ceived no £-blockade. The two groups were comparable with 
respect to age, sex, initial aneurysm size, mean systolic and 
diastolic blood pressure, and duration of follow-up (mean, 34 
months). Among patients with G-blockade, the mean growth 
rate was 0.17 cm/y. The rate for the controls was 0.44 cm/y. 
One patient of 12 (8%) in the G-blocker group had a rate that 
exceeded the mean for the overall group compared with eight 
patients of 15 (53%) in the group with no g-blockade. This 
difference was statistically significant. Thus, B-blockade may 
be associated with a decreased AAA growth rate in this small, 
retrospective study. 

(Arch Surg 1988;123:606-609) 


SG zgical therapy is the standard of care for patients with 
abdominal aortic aneurysms (AAAs).'* Recent data 
suggest an aggressive surgical approach even in asympto- 
matic elderly** and high-risk’* patients when the size of 
the AAA approaches 5 to 6 cm in diameter. Selected 
patients with smaller aneurysms may be followed up with 
serial ultrasound examinations,? but as yet no adjunctive 
pharmacologic intervention has been shown to be effective 
in preventing AAA expansion or rupture. 

Recent investigations involving blotchy mice spontane- 
ously prone to aneurysms suggest that the B-adrenergic 
antagonist propranolol may delay the expression of an 
inherent tendency for aneurysms to develop." Also, studies 
of turkeys fed B-aminopropionitrile suggest that B-block- 
ade may prevent aneurysm formation via a direct effect on 
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collagen cross-linking independent of its effects on heart 
rate and blood pressure.'* Thus, we have carried out a 
retrospective study to determine the effect of B-blockade 
on the growth rate of AAAs in humans. 


MATERIALS AND METHODS 


We retrospectively identified 141 patients with AA As evaluated 
from 1976 through 1986 who were initially treated nonoperatively. 
For purposes of the study, AAA was defined as a fusiform or 
saccular dilatation of the abdominal aorta greater than 3 em in 


maximal transverse (lateral or anteroposterior) diameter as meas- «< 


ured by ultrasound techniques. Decisions regarding initial surgical 
vs nonsurgical treatment were made on an individualized basis, 
but in general nonsurgical treatment was undertaken for small 
aneurysms («4.0 em) and in patients with advanced age or severe 
comorbid disease, such as chronic obstructive pulmonary disease, 
congestive heart failure, recent myocardial infarction, previous 
stroke, or concomitant malignant neoplasm. The possibility of 
future surgical intervention was considered for all patients but 
those at the highest risk. | 

Serial ultrasound examinations were performed every six to 12 
months to assess aneurysm size. Ultrasonography was performed 
in both the transverse and longitudinal planes using 3.5-MHz real- 
time scanners. Before 1980, a small number of measurements were 
obtained with static B-mode scanners. Evidence of aneurysm 
growth to a diameter greater than 4 to 5 cm, rapid aneurysm 


expansion, or the onset of symptoms attributable to the AAA ~ 


usually provided the impetus to pursue surgical therapy. In 
addition to serial ultrasound examinations, patients were evaluated 
clinically at regular intervals. Included in this evaluation were 
serial blood pressure measurements using a standard bulk sphyg- 
momanometer. , 

Among the 141 patients identified, 136 charts were located for 
review. Twenty-seven patients met the followng eligibility criteria 
for the study: (1) ultrasonographic documentation of an AAA 
greater than 3 cm in maximal transverse diameter, (2) two or more 
sonographic size determinations over a minimum six-month inter- 
val, and (3) a documented medication history. The most frequent 
reason for exclusion from the study was early surgical repair. 

Data were obtained from patient records as well as by consul- 
tation with referring physicians. Information regarding age at 
initial evaluation, sex, current status, serial blood pressure meas- 
urements, ultrasound results, and use of long-term -blockade 
was obtained. Statistical analysis was performed using an office 
computer (Apple IIe, Apple Computers Ine, Cupertino, Calif) and 
a standard statistical package (Stats Plus, Human Systems Dy- 
namies, Northridge, Calif). 
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Entire Group 






Among patients receiving B-blockade, six of 12 received 
the nonselective Q,/g,-antagonist propranolol hydrochlo- 
ride, while the remaining patients received one of the more 
selective B,-antagonists (ie, metoprolol tartrate, atenolol). 
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Systolic Blood Pressure, mm Hg 
Fig 2.—Relationship of abdominal aortic aneurysm expansion rate 
to mean systolic blood pressure. Line represents simple linear 
regression (r=.336, P —.08). Closed circles indicate patients re- 
ceiving B-blockade; open circles, patients not receiving p-blockade. 


Dosages of propranolol ranged from 20 to 80 mg/d. The 
indications for B-blockade were varied. Five patients re- 
ceived Q-blockade specifically to inhibit AAA expansion, 
while the remaining patients received B-blockade for more 
standard indications, including hypertension and coronary 


Data regarding the rate of aneurysmal expansion are 
depicted in Fig 1. Each aneurysm is first plotted along the 
mean growth line according to its initial size. Subsequent 
ultrasound data are then plotted for each patient. For 
purposes of the study, aneurysmal growth was calculated 
for each patient using the initial and most recent size 
determinations. The mean growth rate for the entire group 
was 0.32 em/y. This figure is consistent with previously 
published data regarding AAA expansion.^^ Among pa- 
tients receiving long-term B-blockade, the mean growth 
rate was 0.17 cm/y. The rate for the group with no 


" (N=27) 8-Blockade (n= 12) Pt 
Age, y 70.2 1.7 67.1+2.7 72.6+2.1 NS 
Duration of follow-up, mo 33.7+4.9 27.9+6.9 S 
No. of ultrasound examinations 4.0 7 0.24 3.4 —- 0.60 4.2 +0.44 NS 
Initial abdominal aortic aneurysm size, cm 4.08 + 0.20 4.25 +0.26 3.95 +0.22 NS 
Final abdominal aortic aneurysm size, cm 4.84 3 0.21 4.60 +0.22 5.04 +0.29 NS 
Expansion rate, cm/y 0.32 +0.08 0.17 +0.08 
No. of patients exceeding 

mean expansion rate 9/27 1/12 8/15 .013§ 
Systolic blood pressure, mm Hg 148+5.8 145+6.1 151+6.1 NS 
Diastolic blood pressure, mm Hg 80+2.1 81+2.6 79+2.4 NS 
No. of patients with eventual surgical repair 7/27 3/12 4/15 NS 
i: No. of patients with eventual abdominal 
aortic aneurysm rupture 1/27 1/12 0/15 NS 
Overall survival 24/27 11/12 13/15 NS 
*Values are mean + SEM. 
tComparison of patients receiving B-blockade with those not receiving B-blockade. NS indicates not significant. 
+Sum of ranks test. 
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Fig 1.— Comparison of individual patient growth curves with mean 
growth rate (0.32 cm/y). Closed circles indicate patients receiving 
8-blockade; open circles, patients not receiving B-blockade. 
—_ 
RESULTS 
The data are summarized in the Table. Twenty-seven 
patients with AAAs that had not been operated on under- 
went an average of 4.0 ultrasound examinations and 3.3 
blood pressure determinations per patient over a mean disease. 
follow-up period of 34 months. The average age at initial 
evaluation was 70.2 years, and 7496 of the patients were 
men. Twelve patients received long-term B-blockade during 
the period of evaluation, while 15 patients received no 
B-blockade. The two groups were comparable with respect 
to age, sex, initial aneurysm size, and duration of follow- 
up. 
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B-blockade was 0.44 cm/y. While this difference failed to 
attain statistical significance at a 95% confidence level, 
analysis of the groups according to the number of patients 
with AAA growth rates exceeding the mean may be 
informative. One patient of 12 (8%) in the B-blocker group 
exhibited a growth rate greater than 0.32 cm/y, while eight 
of 15 (53%) in the control group exceeded the mean 
(P —.013, x? statistic). The small number of patients re- 
ceiving specific B-blockers made it impossible to analyze 
the effects of selective vs nonselective B-blockade on AAA 
growth rate. 

There was no difference in mean systolic or diastolic 
blood pressure between the two groups. The relationship 
between AAA expansion rate and mean systolic blood 
pressure is depicted in Fig 2. There was a trend toward 
increasing expansion rate with increasing systolic blood 
pressure (r= .336, P = .08). 

In spite of the apparent beneficial effects of B-blockade, 
there were no differences between the two groups with 
respect to eventual requirement of surgical repair, eventual 
rupture, or survival. 


COMMENT 


In this small retrospective study, long-term B-blockade 
appeared to be associated with a decreased AAA growth 
rate. While the mechanism for an effect of B-blockade in 
this setting remains unclear, several potential modes of 
interaction between B-blockers and aortic tissue exist. It 
is intuitive that control of hypertension might be beneficial 
in preventing AAA expansion, since wall tension is a 
function of intraluminal pressure according to Laplace's 
law. Previous retrospective studies have demonstrated that 
arterial hypertension is associated with an increased risk 
of AAA rupture,'*!5 and our data suggest a trend toward 
more rapid AAA expansion with increasing systolic blood 
pressure. In addition to arterial pressure, other hemody- 
namie measures, such as heart rate and the force of 
ventricular contraction (dp/dt), may play a role in aneurys- 
mal growth. 

The hemodynamic effects of B-blockade have long been 
employed in the treatment of aortic dissection." Propran- 
olol has also been shown to retard aortic root dilatation in 
patients with Marfan’s syndrome when administered in 
dosages that decrease dp/dt.'* Thus, long-term Q-blockade 
may protect against AAA expansion by minimizing hemo- 
dynamic stresses on the aortic wall. It is notable in the 
present study that the low rate of AAA expansion among 
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patients receiving 8-blockade was not associated with 
deereases in mean systolic or diastolic blood pressure. 
Although influences on heart rate or dp/dt cannot be ruled 
out in this small study, the data suggest that the apparent 
protective effect of B-blockade may be unrelated to hemo- 
dynamic alterations. 

Results of other recent investigations suggest that spe- 
cific B-blockers may interact metabolically with aortic 
tissue. Propranolol prevents aortic aneurysm formation in 
turkeys fed B-aminoproprionitrile"; this effect is independ- 
ent of changes in heart rate, blood pressure, or dp/dt.'? 
Further analysis indicates that propranolol directly in- 
creases aortic tensile strength by stimulating lysyl oxidase 
activity and promoting collagen and elastin eross-linking.'? 
Of interest is the finding that the cardioselective 
B,-antagonists sotalol and practolol appear to have minimal 
effect on aortic tensile strength. Thus, the effect of 
propranolol in turkeys fed g-aminoproprionitrile may de- 
pend on direct interaction with Q,-receptors located in 
noncardiac vascular tissues. 

The possible indications for B-blockade in the setting of 
AAA should be the subject of further study. Patients with 
small aneurysms who are believed to be poor candidates 
for elective resection may benefit from medical therapy. 
Consideration might also be given to employing B-blockade 
prophylactically in patients at increased risk for AAA, 
including those with familial clustering?» Use of 
B-blockade for AAA will also demand recognition of poten- 
tial deleterious side effects, including exacerbation of 
obstructive pulmonary disease. In this regard, the possible 
association between chronic obstructive pulmonary disease 
and AA A" may limit the potential usefulness of B-blockade. 
Future studies should address the possibility of a systemic 
proteolytic state that may underlie both of these diseases.” 
The androgenic steroid danazol stimulates a,-antiprotease _ 
activity, and it has been suggested that this agent may ~ 
play a role in the nonoperative treatment of AAA.” 

Data from the current small retrospective series suggest 
that long-term -blockade may be associated with a de- 
creased rate of AAA expansion. We view these results as 
preliminary and subject to prospective confirmation. The 
clinical relevance of this effect also remains to be demon- 
strated, since the data from this small series suggest no 
change in surgical outcome or overall survival. Neverthe- 
less, the current results do provide the rationale for 
initiation of a randomized, prospective, clinical trial in the 
future. 
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Discussion 


JACK CRONENWETT, MD, Hanover, NH: Dr Leach and colleagues 
report some intriguing preliminary data that suggest a potential 
therapeutic role for B-adrenergic blockade in reducing the expan- 
sion rate of small AAAs. Although it is tempting to relate this 
effect to changes in ventricular contractility, heart rate, or blood 
pressure, the authors indicate that metabolic effects on collagen 
cross-linkage may also be involved. 

I have several questions. Was it possible in this study to compare 
serial blood pressure measurements in these patients, since blood 
pressure is a dynamic variable that changes over time? Were any 

, differences noted in patients who received either low-dose pro- 
^ pranolol or the selective B,;-antagonists, in whom potential meta- 
bolic effects may have been less pronounced? 

It was interesting that only 27 of the initial 136 patients were 
ultimately selected for study. Did this selection process influence 
the generalizability of the conclusion? Finally, I noted that patients 
who were not treated with -blockade were followed up for 
approximately ten months longer than patients who were treated 
with g-blockade. Since aneurysms tend to expand at a slightly 
more rapid rate as they increase in size, could this difference in 
follow-up interval have influenced the apparent increase in expan- 
sion rate in that group? 

I think this study has major clinical implications for a very 
troublesome problem. I look forward to the next installment from 
the Yale group as they extend the results of this study to a 
randomized prospective trial. 

Dr Leaca: Dr Cronenwett's first question regarded whether 
serial blood pressure measurements were obtained in these pa- 
tients and whether there was a degree of variability that might 


have influenced our results. Our approach consisted of serial blood 
pressure measurements for each patient; individual means were 
calculated, and these data were then used to calculate the means 
for the two groups. Patients in general tended to have fairly stable 
blood pressure at each office evaluation. 

With respect to the possibility of developing a dose-response 
curve for the apparent effect of B-blockade, this proved to be 
difficult based on the analysis of retrospective data. As well, in 
our small study we were unable to establish differences in effect 
between Q;-blockers and selective B;-blockers, as had been previ- 
ously suggested by investigations in the turkey." This question 
certainly lends itself to further investigation in a prospective 
manner. 

The selection process for any retrospective review is clearly an 
important issue. It was somewhat disappointing that among our 
141 patients we were only able to identify 27 who met our 
previously established selection criteria. However, the most fre- 
quent reason for exclusion from the study was early surgical 
repair, and, thus, our population may reliably represent those 
patients undergoing long-term nonoperative treatment. 

As Dr Cronenwett also points out, the duration of follow-up was 
somewhat different between the B-blocker and control groups, 
although this difference failed to reach statistical significance. 
The fact that we caleulated growth rates over time should have 
taken into account these small differences in follow-up, but, as Dr 
Cronenwett suggests, aneurysms may show increased rates of 
expansion as they enlarge. This is another question that will 
require further prospective investigation. 
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ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Causes of Death in Renal Transplant Recipients: A Review of Autopsy Findings From 1966 


Through 1985 


Mark W. Scroggs, MD; John A. Wolfe, MD; R. Randal Bollinger, MD, PhD; Fred Sanfilippo, MD, PhD 
From 1966 through 1985, a total of 640 patients received 739 renal transplants at a single center 


transplantation program. Of 245 total deaths, a slide and chart review of all 116 autopsied cases (47%) 


identified the major causes of death as pneumonia (n = 43), sepsis (n 732), hemorrhage (n= 15), peritonitis 
(n=11), meningitis (n 7), and pulmonary embolism (n=5). Eighty-five (73.3%) of these patients died of 
complications directly associated with immunosuppression, almost all (n=82) as a result of infection. 
Organisms most frequently identified at death were gram-negative bacilli (n= 72), Candida species (n = 23), 
cytomegalovirus (n= 17), enterococcus (n= 14), Staphylococcus aureus (n= 11), Aspergillus species (n= 10), 
Pneumocystis carinii (n=5), and mycobacteria (n=5). Significant associations were found between bolus 
steroid antirejection therapy and infection with Aspergillus cytomegalovirus. Diabetics had a higher 
incidence of fungal infections and bowel perforation than nondiabetics. During this 20-year period, overall 
one-year actual patient survival rates for the four respective five-year intervals increased dramatically 
(69.9%, 68.2%, 83.3%, and 91.8%), but the normalized death rate showed a smaller decrease for infectious vs 
noninfectious causes. (Arch Pathol Lab Med 1987;111:983-987). 

Reprint requests to Department of Pathology, Box 3712, Duke University Medical Center, Durham, NC 27710 (Dr 


Sanfilippo). 
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Renal Failure and 


Advanced Atherosclerotic Lesions 


Salvage by Vascular Reconstruction 


James R. Elmore, MD; Ferris S. Ray, MD; Richard C. Dillihunt, MD; William E. Herbert, MD 


è Occlusive renal artery lesions and progressive renal fail- 
ure have a dismal prognosis if not treated. We analyzed our 
results to determine if the risks of renal vascularization were 
justified based on the final outcome in such patients. Inclusion 
criteria were a creatinine concentration of at least 160 pmol/L 
(1.8 mg/dL) and one of the following angiographic findings: (1) 
severe (>75%) bilateral occlusions, (2) total occlusion with 
severe (=>75%) contralateral occlusion, or (3) solitary kidney 
with severe (=>75%) occlusion. Thirty patients met these crite- 
ria and underwent revascularization. Six required simultane- 
ous aortic reconstruction. The average creatinine concen- 
tration on admission was 310 „mol/L (3.55 mg/dL); this 
had a statistically significant improvement to 210 pmol/L 
(2.41 mg/dL) at discharge. There was one perioperative death 
(3.3%). Initially, 22 patients had improved function (creatinine 
concentrations 20% lower), and seven patients had stable 
creatinine values. Eight patients ultimately required long-term 
dialysis. In the remaining 21 patients, with an average follow- 
up of 32 months, the average creatinine concentration was 
220 „mol/L (2.51 mg/dL), still a significant improvement. Thus, 
we have demonstrated the relative safety and benefit of operat- 
ing on these high-risk patients. 

(Arch Surg 1988;123:610-613) 


posuer renal insufficiency due to renal artery ather- 
omatous disease can result in total renal failure if left 
uncorrected. Renal preservation by surgical revasculariza- 
tion can alter the course of this otherwise relentless disease 
process. While many reports have focused on renovascular 
hypertension and the surgical approach to this problem, 
there is a relative paucity of information on the effect of 
revascularization on renal function. Whereas the prognosis 
is dismal for patients with advanced renal artery occlusive 
disease treated conservatively, a more aggressive approach 
to consider is reconstruction for preservation of renal 
function. In this study, we attempted to determine if the 
risks of revascularization were justified based on the final 
outcome. 


PATIENTS AND METHODS 


Thirty patients undergoing renal revascularization for preserva- 
tion of function from 1974 through 1986 at the Maine Medical 
Center, Portland, met the criteria for inclusion in this retrospec- 
tive study. Inclusion criteria consisted first of a creatinine concen- 
tration of at least 160 mol/L (1.8 mg/dL), a level generally 
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accepted as indicating renal insufficiency. It is estimated that with 
this degree of renal deterioration there has been an approximate 
50% reduction in the glomerular filtration rate.' The criteria also 
required one of the following angiographic findings: (1) severe 
(=75%) bilateral occlusions, (2) total occlusion with severe (27596) 
contralateral occlusion, or (3) solitary kidney with severe (27596) 
occlusion. 

A traditional workup of renal insufficiency was carried out. An 
initial evaluation by the division of nephrology screened patients 
for other causes of renal failure. When renal artery stenosis was 
suspected, angiography was performed. Renin levels were not 
routinely measured unless simultaneous contralateral nephrec- 
tomy or bilateral revascularization was considered for improved 
blood pressure control. 

Blood pressure was routinely controlled with appropriate phar- 
macotherapy in the preoperative period and was not the primary 
indication for surgery in any of these patients. The conditions of 
those patients presenting with congestive heart failure were 
stabilized with diuretics or temporary hemodialysis when neces- 
sary. Careful preoperative assessment by the departments of 
nephrology, anesthesiology, cardiology, and pulmonary medicine 
helped reduce risk factors in the perioperative period. 

Statistical analysis was carried out by using both the Student 
t test and the signed-rank test. 


RESULTS 


Thirty patients with an average age of 65 years who 
underwent revascularization met the above criteria and 
were included in this study. Original presentation prompt- 
ing the diagnosis of renal insufficiency included the follow- 
ing: hypertension (17 patients), congestive heart failure (six 
patients), peripheral atherosclerotic disease (four pa- 
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tients), anuria (two patients), and routine screening (one..~ 
patient). Seven patients had severe bilateral occlusions. 


Twenty patients had a totally occluded contralateral artery, 
and three other patients had previously undergone 
nephrectomy for blood pressure control. Renin levels were 
measured in five patients and correlated with the an- 
giographic findings. 

All patients were high-risk surgical candidates, as docu- 
mented by associated medical conditions found in each 
patient, including hypertension (27 patients), coronary 
artery disease (12 patients), carotid artery disease (nine 
patients), newly identified or previously repaired abdomi- 


nal aortic aneurysms (five patients), diabetes mellitus (four 


patients), cerebrovascular disease (three patients), and 
severe aortoiliac disease (two patients). 

One renal artery endarterectomy and 29 bypass grafts 
consisting of seven aortorenal, three splenorenal, six 
hepatorenal, and 13 iliorenal grafts were employed for 
revascularization. Seven of these grafts were constructed 
with saphenous vein in a nonreversed fashion (Fig 1). Aortic 
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Fig 1.—Nonreversed saphenous vein iliorenal graft. 


reconstruction was carried out in four patients for abdomi- 
nal aortic aneurysm and in two patients for severe aortoiliac 
occlusive disease. In two patients, simultaneous contra- 
lateral nephrectomy was carried out for improved blood 
pressure control. Bilateral revascularization was carried 
out in two other patients. There were 15 men and 15 women. 

The average creatinine concentration at admission was 
310 pmol/L (3.55 mg/dL) (range, 160 to 980 mol/L [1.8 to 
11.1 mg/dL]); the average creatinine clearance at admission 
was calculated to be 25 mL/min. One patient required 
dialysis before surgery. As noted in Fig 2, the mean 
creatinine concentration at discharge was 210 pmol/L 
(2.41 mg/dL) (range, 100 to 620 pmol/L [1.1 to 7.0 mg/dL)), 
representing a statistically significant improvement in re- 
nal function (P<.01). There was one perioperative death. At 
the time of discharge, 19 patients had improved renal 
function (creatinine concentration 20% lower than at admis- 
sion), four had worsened renal function (creatinine concen- 


stration 20% higher than at admission), and six had un- 


changed renal function. Following discharge, 22 (76%) of 
the 29 survivors had improved renal function (creatinine 
concentration 20% lower than at admission), and the re- 
maining seven had stable creatinine concentrations (Fig 3). 
The average duration of stay was 23 days. 

Seventeen patients (57%) had a total of 19 complications. 
Graft-related complications included two occlusions and one 
anastomotic leak, all of which required reexploration. 
Other complications included urinary tract infection (five 
patients), congestive heart failure (two patients), cardiac 
arrhythmia (two patients), and a single case each of respira- 
tory failure, myocardial infarction, line sepsis, and gastri- 
tis. Although three patients suffered from transient acute 
tubular necrosis, only one required temporary dialysis in 
the perioperative period. 

Late follow-up of the 29 surviving patients averaged 
32 months. Eight patients ultimately required long-term 
hemodialysis. Of the other 21 patients, the average creati- 
nine concentration during follow-up was 220 pmol/L 
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Fig 2.—Average creatinine data. P<.01 for average creatinine 
concentration at discharge compared with admission. P<.02 for 
average creatinine concentration after follow-up compared with 
admission. 
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Fig 3.—Creatinine data (based on 20% change in creatinine 
concentration compared with concentration at admission). Hatched 
bar indicates improved or stable; solid bar, worse; and open bar, 
dialysis. 


(2.51 mg/dL), which represents a statistically significant 
improvement (P<.02) compared with the creatinine value 
at admission (Fig 2). 

Seven of the eight patients requiring long-term hemodial- 
ysis died within one year of beginning dialysis. One patient 
is still living after two years of hemodialysis. Six of these 
eight patients, including the sole survivor, had angio- 
graphic evidence of graft patency despite progressive renal 
failure. Dialysis was started in the remaining two patients 
without an attempt to document graft patency. The average 
creatinine concentration at admission of these eight pa- 
tients was 340 pmol/L (3.9 mg/dL); this is not significantly 
different from the average of the whole group 
(310 pmol/L [3.55 mg/d L]). Five other patients not undergo- 
ing dialysis died of other causes, including lung cancer, 
bowel obstruction, cerebrovascular accident, and two sud- 
den deaths, presumably due to myocardial infarction. 


COMMENT 


Over 75 years ago, Dr Alexis Carrel’ clearly demon- 
strated the deleterious effect of diminished renal artery 
blood flow on renal function. The link between renal artery 
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stenosis and hypertension was subsequently proved by 
Goldblatt and colleagues? in 1934. Further research by 
Morris et alt and Moyer et al? identified a protective effect of 
collateral circulation to the kidney, which prevented renal 
failure in dogs. This was described as a “subfiltration” 
arterial pressure and is believed to be important in prevent- 
ing parenchymal injury when the kidney is ischemic due to 
aortie eross-clamping or due to severe renal artery occlusive 
disease. 

In the 1940s and 1950s, clinical series focused on the 
harmful effect of untreated hypertension on renal function. 
Moyer and associates? reported this deleterious association 
and urged an aggressive regimen for patients with hyper- 
tension. Based on earlier animal research, renal revascular- 
ization for hypertension was first performed by Wylie et al’ 
in 1952 and first reported by Freeman et al? in 1954. Over 
time, the diagnostic and surgical approach to patients with 
renovascular hypertension has been refined. The most 
recent treatment for hypertension is the use of angiotensin- 
converting enzyme inhibitors to control blood pressure. 
However, in patients with congestive heart failure, these 
agents may cause deterioration in renal function.’ Per- 
cutaneous transluminal angioplasty is also very popular at 
present for treatment of hypertension but does not appear 
to be as effective with atherosclerotic ostia lesions." 
The ultimate effect on renal function of such a medical treat- 
ment as opposed to surgical revascularization for renovas- 
eular hypertension has not yet been determined." With 
improved medical treatment of hypertension, there has also 
been a trend toward operating solely for renal preser- 
vation.” 

This trend was first documented in 1962, when Morris 
et al” reported their successful renal artery bypass grafts 
for eight patients with azotemia. Wylie et al’ in 1969 
reported on an additional eight patients who had undergone 
surgery for renal preservation. Five patients showed im- 
provement, and there was a single death. However, the 
aggressive surgical approach to these patients was tem- 
pered by the report by Franklin et al in 1975 of the 
Cooperative Study of Renovascular Hypertension, which 
documented a perioperative mortality rate of 22.5% for 
patients with an elevated creatinine concentration undergo- 
ing renal revascularization. 

It was not until a greater understanding of the natural 
history of this disease was reached and improved surgical 
survival statistics were obtained that surgical revasculari- 
zation appeared to be a viable option in these high-risk 
patients. Documenting the natural history of renal artery 
disease with serial angiographic studies, Meaney and col- 
leagues” reported progression of atherosclerotic lesions in 
14 (36%) of 39 patients, with an average follow-up of two 
years in these 14 patients. Four of these patients eventually 
had complete occlusion. Wollenweber et al? noted a similar 
degree of progression in 19 (63%) of 30 patients, with a mean 
interval of 28 months between angiograms. Neither of these 
studies specifically addressed the change in renal function 
in the patients with worsened atherosclerotic disease. 

Renal function and angiographic anatomy were specifi- 
cally addressed in a study by Dean and associates" analyz- 
ing the outcome of 41 patients with atherosclerotic reno- 
vascular hypertension treated medically. Thirty-five of 
these patients had follow-up angiograms, at a mean of 28 
months later. Total occlusion was identified in four patients 
(11%), with progression of contralateral renal artery disease 
noted in six patients (17%). Ultimately, 41% of these medi- 
cally treated patients required surgery due to a deteriora- 
tion in renal function or loss of renal size. 

Schreiber and colleagues” provided additional extensive 
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follow-up of 85 patients with atherosclerotic renal artery 
disease. At a mean follow-up of 52 months, 44% of the 
patients had progression of the stenosis, and 16% ultimately 
had progression to total occlusion. A statistically signifi- 
cant deterioration of renal function was identified in those 
patients with advancing atherosclerotic disease. In the 
group of patients with 75% to 99% stenosis on the original 
angiogram, 39% eventually had complete occlusion, at a 
mean of 13 months of follow-up. The authors believed that 
the advancement of atherosclerotic disease was relatively 
constant and that patients with severe disease were at the 
highest risk for deterioration of renal function. 

During the past ten years, published series have reported 
an improved perioperative mortality rate of about 2% to 8% 
for these patients.'^? These improved mortality rates along 
with a better understanding of the natural history of renal 
artery atherosclerotic disease and improved surgical tech- 


nique have resulted in the trend of operating largely for - 


preservation.” Jamieson et al” in 1984 reported on 23 
patients with creatinine concentrations ranging from 130 to 
1010 pmol/L (1.5 to 11.4 mg/dL) who underwent revasculari- 
zation. The conditions of 15 of these patients improved with 
therapy, and two required dialysis, at a mean follow-up of 24 
months. In 1985 Sicard et al” reported on a very similar 
series of 20 patients with creatinine concentrations ranging 
from 110 to 1120 pmol/L (1.3 to 12.7 mg/dL). Sixteen of these 
patients were discharged with improved renal function, 
with two patients ultimately requiring dialysis, at a mean 
follow-up of 29 months. 

McCready and colleagues” focused on 19 patients under- 
going surgery for a single functioning but ischemic kidney. 
Creatinine concentrations at admission ranged from 70 to 
800 pmol/L (0.8 to 9.0 mg/dL); concentrations decreased 
significantly after revascularization. Two patients required 


dialysis, at an average follow-up of 32.9 months. Dean and - 


colleagues? found similar improvement following revascu- 
larization by analyzing split renal function studies. Accord- 
ing to work by Libertino et al,^ even nonfunctioning 
kidneys with complete renal artery occlusion have had 
return of function with revascularization. 

Novick and associates? reported their experience with 
patients who underwent revascularization for the primary 
purpose of preserving function. Thirty of these patients had 
at least a 7596 stenotic lesion in those with a single func- 
tional kidney or greater than a 6046 stenotic lesion bilat- 
erally in those with two functional kidneys. Eighteen of the 
30 patients had an improved serum creatinine value (defined 
as at least a 10% reduction) at a follow-up examination. At a 


mean follow-up of 18 months, no patient in either group Y^ 


required dialysis. 

In the present study we have focused on patients with 
advanced atherosclerotic lesions and significant elevations 
of serum creatinine values. Despite significant coexisting 
diseases in these patients, there was only one perioperative 
death. Eight patients ultimately required long-term dialy- 
sis, at a mean follow-up of 32 months. This must be 
compared with the expected outcome, given the natural 
history of this disease in historical controls, as described by 
Schreiber et al." In that study, in the group of patients with 
75% to 99% stenosis, 39% of the patients eventually had 
total occlusion, at a mean of only 13 months. In our series, 
there was still a statistically significant improvement in 
renal function at an average follow-up of 32 months. 

Also of note in the present series is that seven ofthe eight 
patients who required long-term hemodialysis died within 
one year of the commencement of hemodialysis. Duration of 
survival in patients with such advanced generalized ather- 
osclerotie disease undergoing long-term hemodialysis has 
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never specifically been addressed; however, long-term 
hemodialysis certainly increases mortality.” The dismal 
fate of these patients once they are undergoing dialysis also 
supports our contention that it is worthwhile to avoid 
dialysis or at least delay the need for it. 

It is our conclusion that renal artery revascularization 
can provide clinically useful improvements in renal function 
in patients with advanced atherosclerotic disease compared 
with the natural history of the untreated disease process. 
Furthermore, although there is increased morbidity in 
these high-risk patients, a decreased mortality rate sup- 
ports a surgical approach. Progressive renal failure should 
alert the physician to the possible diagnosis of renal artery 
stenosis. Careful medical evaluation and timely angiogra- 
phy will identify patients in whom revascularization will 
offer an excellent means of preserving or improving renal 
function. 
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Discussion 


RoBERT T. SCHWEIZER, MD, Hartford, Conn: This article by Dr 
Elmore and his associates reviews a series of 30 patients with 
advanced atherosclerosis and various stages of renal insufficiency 
who underwent renal revascularization. Despite the poor-risk 
category of all of the patients, there was only one death; the other 
complications were manageable. Therefore, the surgical procedure 
was well tolerated by most of the patients. This is important 
information, since we must first convince our medical colleagues 
and our patients that revascularization can be performed without 
too many serious problems. 

More importantly, most of the patients benefited from the 
operative procedures, although this was not a controlled series, 
which would be necessary to draw definitive conclusions. The 
authors have reviewed other studies that indicate the rapid ad- 
vancement of renal failure in many patients who did not receive any 
type of corrective procedure. The need for dialysis therapy in some 
of the patients in this series was delayed. Caution is needed, 
however, in interpreting the degree of improvement in renal 
function following the surgery, since some of the patients were 
admitted with congestive heart failure. The lowering of serum 
creatinine levels in those patients could have been largely due to 
improvement in renal perfusion as a result of treating the cause of 
the heart failure. 

With respect to those patients whose condition progressed to 
end-stage renal failure, it was noted that the initial serum creati- 
nine level was not predictive of that eventuality. Are there any 
other measurements that could be used to help differentiate the 
patients who will or will not benefit from this type of surgery? 

Why not try angiographic balloon dilatation in some patients? I 
realize that the success of balloon dilatation often depends on the 
skill of the radiologist, and as the authors noted, certain types of 
lesions are not amenable to balloon dilatation, such as tight ostial 
lesions. If balloon dilatation fails, however, surgery could follow. 

Finally, I am certain that this audience realizes that renal artery 
revascularization is often difficult surgery. To hear today of this 
remarkable series of successful operations in poor-risk patients 
indicates a highly experienced surgical team and excellent 
perioperative care. 

Dr ELMORE: I agree that these are very-high-risk patients who 
had significant complications that were manageable, resulting in 
low overall mortality in the perioperative period. 

In regard to other measurements that might be used in the 
preoperative period to determine which type of patient would have 
improvement in function, some investigators have suggested such 
things as renal size and the size of the rim of the cortex, while 
others have suggested biopsy. The size of the kidney is something 
we looked at in the patients preoperatively, but we did not 
specifically address it in this study. The usefulness of renal biopsy 
before surgery is controversial; we did not use it in these patients. 

Balloon angioplasty is certainly becoming a much more com- 
monly performed procedure. These 30 patients with advanced 
atherosclerotic disease are the type of patient that balloon an- 
giographers try not to work on because of their concerns of total 
occlusion or throwing emboli distally because the patients have 
such advanced atherosclerotic disease. I agree that in people with 
less severe disease or with fibromuscular dysplasia, balloon an- 
gioplasty should be attempted. 

As far as patients with congestive heart failure are concerned, 
this presenting diagnosis was the reason why the patients were 
undergoing blood work. Only one person was actually admitted 
with congestive heart failure that required preoperative dialysis. I 
agree that this could slightly bias the results. 

In conclusion, I would like to emphasize that this is a team effort 
requiring the work of the nephrologist, the cardiologist, the 
anesthesiologist, and the surgical residents along with the vas- 
cular surgeon and that careful preoperative assessment and 
perioperative care has allowed us to recommend this surgical 
approach. 
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Parathyroid Gland Exploration 
With Local Anesthesia in 
Elderly and High-Risk Patients 


Ludwig J. Pyrtek, MD; Michael Belkin, MD; Stanley Bartus, MD; Robert Schweizer, MD 


e The management of symptomatic hyperparathyroidism in 
elderly and medically compromised patients, who are at risk 
under general anesthesia, may be safely and effectively ac- 
complished using local anesthesia. Positive localization with 
ultrasound, thallium 201—technetium Tc 99m subtraction, and 
computed tomography permit surgical exploration with local 
anesthesia in one or two stages, or bilaterally in one stage, in 
selected cases, by employing the surgical lateral approach to 
parathyroid surgery. Our study of 29 patients selected for this 
technique affirms the value and the safety of this method, 
especially as surgical experience has grown and localization 
studies have improved. During the latter 24 months of our 
study, 11 (3096) of 36 operations were performed using local 
anesthesia by one of us. A success rate in ten of 11 cases 
was achieved, with one patient requiring a second exploration 
for adenomatous hyperplasia while under local anesthesia. 

(Arch Surg 1988;123:614-617) 


he management of hyperparathyroidism continues to 

challenge both the physician and the surgeon. Elderly 
patients with symptomatic hypercalcemia, who are at high 
risk for elective surgery, represent a difficult and not 
uncommon problem. In a previous report, we described a 
lateral approach to parathyroid exploration, including our 
first experience with this method using local anesthesia. 
This lateral exposure, combined with accurate preoperative 
localization studies, has allowed us to employ local anesthe- 
sia during unilateral or bilateral surgical exploration in 
these elderly high-risk patients. In the present report, we 
describe our experience with 29 patients treated with this 
technique. We are impressed with how well tolerated and 
successful this approach has been and now consider it to 
be the preferred method of treatment for elderly, medically 
compromised, high-risk patients who have primary hyper- 
parathyroidism, as well as selected patients with secondary 
and tertiary hyperparathyroidism. 
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PATIENTS AND METHODS 


From Dec 4, 1982, to Dec 11, 1986, 29 parathyroid explorations 
using local anesthesia were performed at Hartford (Conn) Hospi- 
tal. Twenty-five of these patients were treated for primary hyper- 
parathyroidism, two patients underwent secondary exploration 
for recurrent tertiary hyperparathyroidism, and two patients with 
secondary hyperparathyroidism underwent bilateral exploration 
while under local anesthesia. During this same period, a total of 
153 operations for hyperparathyroidism were performed at this 
institution. 

The selection of patients for local anesthesia has been based on 
symptomatie hypercaleemia, a high probability of undergoing 
elective surgery with general anesthesia, and positive preopera- 
tive localization studies. The mean age of the patients was 77 
years (range, 46 to 89 years), with 16 patients 76 years of age or 
older, as shown in the following tabulation. 


Age, y No. of Patients 
45-55 3 
56-65 1 
66-75 9 
76-85 14 
>85 2 


These patients had a variety of symptoms and problems consistent 
with hyperparathyroidism. The constellation of complaints in- 
cluded weakness and nonspecific musculoskeletal complaints 
(n=10), psychiatric and central nervous system problems (n= 9), 
gastrointestinal complaints (n= 11), ureterolithiasis (n= 8), hyper- 
tension (n=10), peptic ulcer disease (n=5), polyuria (n=5), 
polydipsia (n=2), pancreatitis (n=2), and hypercalcemic crisis 
(n=2). These patients also had numerous other concurrent medical 
problems not directly related to their hyperparathyroidism. The 
most common medical problems included coronary artery disease 
in 17 patients, congestive heart failure in ten patients, diabetes 
mellitus in seven patients, chronic renal and peripheral vascular 
disease, and a variety of other less common problems, as shown in 
the following tabulation. 


Concurrent Diseases No. of Patients 
Coronary artery disease 17 
Congestive heart failure 10 
Diabetes mellitus 
Renal failure/insufficiency 
Chronic obstructive pulmonary disease/ 

respiratory failure 
Anemia 
Cerebrovascular disease 
Parkinsons5 disease 
Peripheral vascular disease 
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Senile dementia 
Primary aldosteronism 
Deep venous thrombosis 
Prostate cancer 

Septic hip joint 
Erythema multiforme 
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Preoperative Localization of the Parathyroid Adenoma 


High-resolution real-time ultrasound has been used at the 
Hartford Hospital for parathyroid localization since January 1980. 
This test has correctly lateralized parathyroid adenomas in 73 
patients with surgically confirmed cases at our institution. Twenty- 
seven of 29 patients underwent preoperative ultrasound localiza- 
tion studies. Two patients with secondary hyperparathyroidism 
(four-gland hyperplasia) did not require preoperative localization. 

Thallium 201—technetium Te 99m subtraction scintigraphy stud- 
ies have been employed in our hospital since July 1983. This 
technique, which has been previously described, depends on the 


~ relatively high activity of the hyperactive parathyroid gland that 


t 


sequesters the radiolabel thallium.? When the background of the 
thyroid technetium scan is subtracted, accurate localization of 
hyperactive parathyroid tissue is obtained. In our experience, the 
thallium sean has correctly localized the hyperactive parathyroid 
tissue in 80% of the surgically confirmed cases. Thallium subtrac- 
tion scans were carried out in the initial workups of 21 of these 29 
patients. 

In addition to ultrasound and thallium scans, other diagnostic 
studies included barium-swallow esophagrams in nine patients, 
computed tomographic (CT) scans of the neck in ten patients, and 
selective venous parathyroid hormonal determinations in one 
patient. 


A Technique for Unilateral Neck Exploration 
With Local Anesthesia 


The patient undergoing parathyroid surgery with local anesthe- 
sia requires a calm and friendly operating room atmosphere, a 
comfortable position on the operating table, and an interested and 
sympathetic anesthesiologist who uses intravenous sedatives and 
narcotics administered intelligently to obliterate pain and anxiety. 
The skin is infiltrated with 0.5% lidocaine hydrochloride and 0.5% 
bupivicaine hydrochloride in the line of the incision along the 
anterior border of the sternocleidomastoid muscle. The cervical 
fascia is divided along the sternocleidomastoid muscle, which is 
retracted laterally, exposing the omohyoid, sternohyoid, and 
sternothyroid muscles. The omohyoid muscle is divided or re- 
tracted while the ansa hypoglossi, internal jugular vein, and 
carotid arteries are retracted laterally. After division of the middle 
thyroid veins, medial rotation of the thyroid gland gives direct 
lateral exposure of the recurrent laryngeal nerve, tracheoeospha- 
geal groove, and parathyroid glands. After identification and 
removal of the pathologically enlarged parathyroid gland, a search 


_is made to locate and remove a biopsy specimen from the ipsilateral 


normal or hypoplastic parathyroid gland. The wound is closed 
with subcutaneous absorbable sutures, followed by skin closure 
with sutures or staples. A low collar skin áncision, in its entirety 
or unilaterally, is used when appropriate. 


REPORT OF A CASE 


An 83-year-old man with a six-year history of known hypercal- 
cemia was admitted for parathyroid surgery. Previous attempts 
to control his hypercalcemia with inorganic phosphate had led to 
renal problems and that therapy was discontinued. The patient's 
medical history included stable angina, benign monoclonal gam- 
mopathy, and anemia. The patient complained of profound weak- 
ness, dyspepsia, constipation, polyuria, and polydipsia, and phys- 
ically needed assistance getting up from a chair. Roentgenograms 
showed generalized bone disease with brown tumors and demin- 
eralization. A bone marrow biopsy specimen showed osteitis 
fibrosis cystica. Results of admission laboratory studies demon- 
strated a parathyroid hormone level of 168 U (less than 100 U 
being normal) and an ionized serum calcium level of 1.54 mmol/L 
(6.2 mg/dL) (normal range, 1.17 to 1.29 mmol/L [4.7 to 
5.2 mg/dL]). Preoperatively the patient underwent ultrasound 
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Fig 2.—Thallium 201-technetium Tc 99m subtraction scan of 
patients with right inferior parathyroid adenoma. Scan A is Tech- 
netium Tc 99m image and scan B is thallium 201 image. Scans C 
and D are resultant subtraction images demonstrating prominent 
right inferior parathyroid adenoma. 


examination of the neck (Fig 1) and a thallium 201-technetium Tc 
99m subtraction scan (Fig 2). Both studies disclosed abnormalities 
that suggested a right-sided parathyroid adenoma. A barium 
swallow showed compression of the esophagus from the right side 
that was consistent with a large parathyroid enlargement. 

We elected to perform exploratory surgery with the patient 
under local anesthesia, given his age, medical condition, and 
positive preoperative localization studies. A unilateral right-sided 
exploration was carried out, as described above. A 6-g adenoma 
of the right superior parathyroid gland was found and easily 
resected. The lower parathyroid gland was grossly normal and a 
frozen section disclosed normal parathyroid tissue. The total 
operating time was 90 minutes. 

Postoperatively the patient’s course was uncomplicated except 
for mild paresthesias secondary to transient hypocalcemia (with 
an ionized calcium level of 1.08 mmol/L [4.3 mg/dL]). He was sent 
home with a normal serum calcium level. Four months later the 
patient's ionized calcium level was still normal when he was 
hospitalized for an anterior wall myocardial infarction. He survived 
the infarction and continued to do well, with a normal serum 
caleium level, and he was free of any symptoms of hypercalcemia, 
with a spectacular improvement in affect and strength. 


RESULTS 
The mean operative time in our series was one hour 55 
minutes (range, one to four hours). There were no serious 
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in-hospital complications, with the exception of transient 
hypocalcemic paresthesia in two patients and one case of 
transient Horner's syndrome. One patient suffered a non- 
fatal CVA seven days after discharge. The mean ionized 
calcium level decreased from 1.60 mmol/L (6.4 mg/dL) 
preoperatively to 1.16 mmol/L (4.6 mg/dL) postoperatively 
(normal range, 1.17 to 1.29 mmol/L [4.7 to 5.2 mg/dL]). 
Microscopic examination disclosed parathyroid adenomas 
in all successfully treated cases except three. The 
weights of the adenomas ranged from 350 mg to 22.5 g (the 
largest parathyroid gland ever removed at this hospital). 
In one case, the final pathologic appearance of the biopsy 
specimen indicated possible microscopic hyperplasia 
of the grossly normal ipsilateral gland to a resected 
adenoma, but the patient showed a good laboratory and 
clinical response to the removal of a dominant 320-mg 
gland. Two patients had pathologically typical four-gland 
hyperplasia. One of these patients required a second 
operation while under local anesthesia and a resection of 
one gland and one half of the other to bring the calcium 
level to normal. 

Preoperative localization was relatively accurate. Ultra- 
sound examination correctly lateralized the adenoma in 62.5% 
of cases, was inaccurate in 12.5%, and was nonlocalizing in 
25%. Thallium subtraction scanning correctly lateralized the 
adenomas in 79% of the cases, was incorrect in 10.5%, and 
was nonlocalizing in 10.5%. Computed tomographic scanning 
of the neck and superior mediastinum correctly lateralized 
the disease in five cases, was inaccurate in two cases, and 
was nonlocalizing in three cases. A CT scan played a pivotal 
role in one patient when it identified an ectopic retroesopha- 
geal parathyroid adenoma. We now routinely perform a CT 
scan of the neck and mediastinum on patients undergoing 
surgery for hyperparathyroidism under local anesthesia. 
Barium cine esophagus studies were of low yield, having 
identified the location of the adenoma in only one of eight 
patients. Selective venous parathyroid hormone determina- 
tion incorrectly lateralized the disease in one case in which 
it was employed and led to an unsuccessful exploration using 
local anesthesia. Postoperatively, a CT scan localized an 
ectopic parathyroid enlargement in the lateral posterior 
portion of the neck under the longus colli fascia and was 
removed successfully using general anesthesia. 

Parathyroid gland exploration with the patient under local 
anesthesia normalized the serum calcium level in 23 of 29 
cases. In one of these cases the patient required bilateral 
exploration while under local anesthesia because the preop- 
erative ultrasound study incorrectly lateralized the disease, 
requiring a second-stage operation using local anesthesia, 
with success. There was a total of six initial operative failures; 
in three of these failures patients had unsuccessful explora- 
tion while under local anesthesia because preoperative local- 
ization studies incorrectly lateralized the adenoma. Two of 
these cases occurred before the availability of thallium 
scanning and were successfully treated with contralateral 
exploration using general anesthesia. At this writing, a third 
patient had not yet undergone contralateral exploration after 
the initial exploration disclosed two enlarged normal glands. 
An additional operative failure occurred when an intraoper- 
atively obtained frozen section indicated that a parathyroid 
adenoma had been removed, at which point the operation 
was terminated. Postoperatively the permanent sections and 
immunoperoxidase studies showed that the specimen was, in 
fact, a thyroid adenoma. A fifth failure occurred in a patient 
with recurrent tertiary hyperparathyroidism after a previous 
3¥2-gland excision. The residual parathyroid gland was easily 
explored using local anesthesia and 1.6 g of enlarged gland 
was removed, leaving an approximately 200- to 300-mg 
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remnant. This proved to be too much residual tissue and the 
patient remained hypercalcemic postoperatively. 

There was only one failure using the combined local 
anesthesia and lateral approach. This occurred in an 81-year- 
old woman who had an enlarged lobe of the thyroid gland 
that wrapped around the trachea and extended into the 
anterior mediastinum. It was not possible to mobilize the 
gland under local anesthesia because of its location and poor 
patient tolerance. The operation was terminated when the 
electrocardiogram indicated ischemic changes. 

The adequacy of the exposure and satisfactory patient 
tolerance are attested to by success in several difficult cases, 
including removal of one adenoma from the superior medi- 
astinum and a resection of an intrathyroidal adenoma suc- 
cessfully localized by needle aspiration and cytologic study, 
as well as excision of a huge adenoma weighing 22.5 g. The 
success rate of this approach has gradually improved during 
the evolution of this series as operative technique has been 
refined and localization studies have improved. Five of six 
failures occurred in the first half of the overall series. In the 
last 24 months of this study (1985 to 1986), ten of 11 cases 
were successfully managed using local anesthesia; nine pa- 
tients underwent unilateral operation and one patient re- 
quired a second exploration while under local anesthesia for 
adenomatous hyperplasia. 


COMMENT 


The benefits of surgical treatment of hyperparathyroidism 
in elderly patients is well documented. Heath and coworkers? 
reported on a series of 12 patients over 70 years of age and 
Mannix et al* reported on 29 patients over 70 years of age 
who were operated on for primary hyperparathyroidism. 
These authors noted a marked improvement in their patients 
mental status, muscle weakness, lethargy, and general mal- 


aise after parathyroid excision. Despite these reports, there . 


is a reluctance to recommend parathyroid exploration for the 
elderly, infirm patient. Mallette* recently reported the con- 
sensus opinion of a group of physicians at a workshop on 
hyperparathyroidism. This group did not recommend sur- 
gery in asymptomatic elderly patients over 70 years of age, 
patients with increased anesthesia risks, or patients with 
severe concomitant disease. The majority of patients in our 
series were poor candidates for elective surgery under 
general anesthesia and, in some cases, their physicians felt 
the risk of operation would be prohibitive. We believe that it 
is this group of patients who may benefit the most from the 
lateral approach to parathyroid exploration while under local 
anesthesia, since they are offered the established benefits of 
operation with little risk. In the past two years the number 
of patients seen in surgical consultation for the consideration 
of this approach has risen dramatically. In the 24 months of 
1985 and 1986, 11 (30%) of 36 operations were performed 
using local anesthesia by one of us, reflecting a favorable 
medical recognition for the approach we have discussed. 

The unilateral approach to parathyroid exploration em- 
ployed in this series represents a departure from the 
standard bilateral exploration. As noted by Esseltyn,5 the 
general consensus among surgeons has been to identify all 
four parathyroid glands whenever possible. We have em- 
ployed this concept with patients who are under general 
anesthesia. The majority of cases of primary hyperpara- 
thyroidism are due to single adenomas that are curable by 
unilateral exploration. This fact is exploited by operating 
on a high-risk patient who is under local anesthesia. Wang? 
and Tibblin et al* advocate unilateral exploration when a 
parathyroid adenoma is found and the ipsilateral normal 
gland is identified. We have demonstrated that a small 
number of operative failures, due to multiple adenomas, or 
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unrecognized multiple-gland hyperplasia can be treated by 
subsequent contralateral parathyroid exploration using 
local anesthesia with no significant added morbidity. Pa- 
tients with secondary and tertiary hyperparathyroidism 
also benefit from this technique. These patients frequently 
have concomitant problems and metabolic abnormalities. 
Since their disease involves all four glands, preoperative 
localization studies are not required. Bilateral operation 
using local anesthesia is well tolerated. Reoperation for 
remnant overgrowth after prior 3'-gland resection is 
logical and safe with the patient under local anesthesia. 
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To our knowledge, this is the first report of a series of 
patients undergoing parathyroid gland exploration using 
local anesthesia and the lateral approach. We have found 
this to be the preferred technique in elderly, high-risk 
patients with good preoperative localization studies. As 
experience with this operative approach grows and preop- 
erative localization techniques are refined, we believe the 
indications for lateral parathyroid gland exploration using 
local anesthesia will expand. 


Lois Eves and Kenneth Kern, MD, assisted in the preparation of this 
manuscript. 
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Discussion 


RicHARD E. WirsoN, MD, Boston: This report is a tribute to 
the careful surgical technique of Dr Pyrtek and his colleagues. 
However, I do not agree that performing operations on the sickest 
and most debilitated patients while they are under local anesthesia 
is necessarily safer. I have been led by our anesthesia department 
to accept the fact that careful monitoring of the patients under 
anesthesia is the best way to deal with those who are likely to 
have intraoperative or postoperative complications. Certainly this 
has been the basis for many of the advances in surgery in the past 
decade or two. The extremely low complication rate, however, in 
the present report certainly is a testimonial to the results in the 
patients who were operated on by this group. 

I think that the major uses of local anesthesia are in patients 
who have metabolic aberrations that cannot be repaired before a 


—4 procedure is performed, or in situations in which you worry that 


you cannot extubate the patients if you put them to sleep. We have 
certainly seen these kinds of patients, but in the reported group 
of patients the hypercalcemia can be controlled preoperatively 
with medication, and renal failure can be treated with dialysis; 
therefore, the two major metabolic aberrations should not be 
extant at the time of surgery. 

Finally, we come to the localization techniques. I think that they 
are still inaccurate. Until we have an isotope that is localized into 
the parathyroid hormone molecule, so that you are really mea- 
suring the adenoma and not a subtraction of one mass from 
another, or even more accurate ultrasound (it was only 70% percent 
accurate in the present study, and that is in the best of hands), 
there will be some errors in localization. Thus, there is still the 
need for the ability to carry out a full parathyroid exploration, 
unrestricted by anesthetic techniques. 

Finally, there is no such thing as tertiary hyperparathyroidism. 
None of the glands in the secondary group really becomes an 
independent adenoma. 

Dr PynTEK: An answer to the objections of this technique raised 
by Dr Wilson is represented in the reaction of our anesthesia 
department to our latest patient. A 79-year-old woman had her 
right lung removed for cancer and underwent subsequent medi- 
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astinal irradiation. She had symptomatic hypercalcemia, which 
was intolerable. She was in and out of the hospital for treatment 
with intravenous fluids, and her condition was not helped by 
calcitonin or other medical means. A localization with thallium 
subtraction studies indicated a lesion inferior to the right thyroid 
gland lobe. This patient’s pulmonary function values were 25% of 
normal. A unilateral approach using local anesthesia recovered a 
parathyroid adenoma and, at the conclusion of the operation, our 
chief of anesthesia walked out of the operating room and said, 
*Gee, that was an elegant way to handle this" Under general 
anesthesia this type of patient would end up in the intensive care 
unit with prolonged intubation and might die. Drs Sehweizer and 
Bartus, who perform our renal transplants, also operate for 
associated parathyroid gland problems. They have embraced this 
approach because some of these patients do poorly under general 
anesthesia. We recognize three types of primary hyperparathy- 
roidism. There are younger patients with high calcium values and 
compelling symptoms who require operation while under general 
anesthesia. The second type of patients are asymptomatic hyper- 
caleemics, discovered by automated studies (one to 200 per 
100 000) who deserve observation. A third type is the older patient, 
often a woman who is osteoporotie, weak, and lethargic and 
complains of bone pain. Multiple medical problems make her a 
poor candidate for general anesthesia. One should consider an 
operation using local anesthesia and the lateral approach after 
localization studies have been carried out. It is safe, and sympto- 
matic relief to the patient may be spectacular. Making an older 
patient normocalcemic is not always rewarding because of old age 
and chronic brain syndrome. 

In conclusion, it is worthwhile to consider exploring the neck 
using local anesthesia and the lateral approach in one or two 
stages in the elderly, medically compromised patient. It can be 
carried out with minimal risk and often with marked improvement 
in the symptomatic elderly patient with positive or inconclusive 
localization studies. The surgical results with increasing experi- 
ence with this technique may approach the results obtained with 
general anesthesia. 
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Problems Associated With a Nissen 
Fundoplication Following Tracheoesophageal 
Fistula and Esophageal Atresia Repair 


Michael R. Curci, MD, Albert W. Dibbins, MD 


e Gastroesophageal reflux is frequently associated with 
esophageal atresia and tracheoesophageal fistula repair. Fol- 
lowing unsuccessful medical treatment, 14 (4596) of 31 pa- 
tients underwent a Nissen fundoplication. Five of these 14 
patients had prolonged dysphagia requiring supplemental 
gastrostomy feeding. Four of these five patients underwent 

postoperative manometry and extended pH monitoring, which 
revealed a normal lower-esophageal sphincter pressure (>15 
mm Hg), normal pH results, and marked esophageal dysmotil- 
ity. The fundoplication creates a mechanical obstruction for 
those patients with a dyskinetic esophagus who cannot gen- 
erate the pressure to open the "new sphincter." To avoid this 
complication, antireflux surgery should be deferred, if possi- 
ble, in those patients with severe gastroesophageal reflux and 
marked esophageal motility abnormalities. 

(Arch Surg 1988;123:618-620) 


astroesophageal reflux (GER) is a common problem in 

infancy and early childhood. Children with neurologic 
dysfunetion and those with repaired esophageal atresia 
(EA) and tracheoesophageal fistula (TEF) are the most 
difficult to treat medically. These two groups of patients 
now account for the majority of children undergoing an 
antireflux procedure. Postoperative problems associated 
with Nissen fundoplications and EA repair have been 
described occasionally in the literature. The severity and 
frequency of these problems have not been emphasized 
sufficiently. 


PATIENTS AND METHODS 


During the period from 1975 through 1986, 36 patients with EA 
and a distal TEF were admitted to the Maine Medical Center, 
Portland. Five patients did not receive long-term care due to 
chromosome abnormalities and/or severe cardiac and neurologic 
anomalies. The remaining 31 patients were treated with division 
of the TEF, esophagoesophagostomy, and Stamm gastrostomy 
either as a staged or single procedure. The majority of the patients 
had a Haight telescoping anastomosis, but more recently, a single- 
layer anastomosis has been utilized. Gastroesophageal reflux was 
frequently recognized and treated with thickened feedings, ele- 
vation of the patient in a prone position, metoclopramide hydro- 
chloride, and H2 blockers. Fourteen patients (45%) underwent a 
Nissen fundoplication. The indications for the procedure included 
failure to thrive (seven patients), recurrent aspiration and/or 
apnea (eight patients), and anastomotic stricture (two patients). 
Several patients had more than one significant complication. 

Eight patients were operated on during the initial hospitalization 
six weeks to 5% months following delivery. The severity of these 
patients’ symptoms would not allow them to be discharged safely. 
Gestational age and weight were equally distributed among 
patients undergoing a fundoplication, although the majority of 
patients weighing less than 2000 g with EA had refractory GER 
that required corrective surgery. 
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RESULTS 


Seven of 14 patients had difficulty taking an adequate 
volume of formula orally after surgery. These children 
required gastrostomy supplementation. In five of these 
seven patients this problem persisted beyond 12 months 
after antireflux surgery. Four of these patients underwent 
manometry and extended pH studies (Boston Children's 
Hospital) to further delineate their esophageal physiologic 
characteristics. All patients had a normal lower-esophageal 
sphincter pressure (LESP) (715 mm Hg) and normal pH 
results, indicating a competent fundoplication. They all 
had absent peristalsis distal to the esophageal anastomosis. 
The length of the intra-abdominal portion of the lower- 
esophageal sphincter, which confers competency on the 
sphincter, was less than 1.0 cm. 

In our most recent patient with EA, an anastomotic 
stricture developed within two months following a repair. 
After a single retrograde dilatation, manometry and ex- 
tended pH monitoring were performed. This revealed 
normal LESP and mildly abnormal motility with normal 
acid clearance. Surgery was deferred since both compo- 
nents of the antireflux mechanism were present. During 
the next four months the stricture improved, although 
reflux persisted according to barium esophagram. 


COMMENT 


The association of GER with EA repair is well docu- 
mented. Initial interest stressed the persistent anasto- 
motic stricture! secondary to GER, which necessitated an 
antireflux procedure. Pulmonary complications and dys- 
phagia without stricture were subsequently emphasized?* 
and presently constitute the primary symptoms associated 
with this disorder. These are not transient problems, since 
symptoms persist into adulthood.** The frequency and 
severity vary with different series, but all have emphasized 
the increasing need for surgical intervention. Fifteen 
percent of patients described by Jolley and colleagues,’ 
18% described by Spitz and colleagues,* 3896 described by 
Ashcraft,’ and 40% described by Parker and colleagues? 
who underwent EA repair later required an antireflux 
procedure. All series emphasized uniformly good results 
following an antireflux procedure, without significant late 
sequelae. Fonkalsrud® described several children in his 
early experience who had pulmonary aspiration and dys- 
phagia following a Nissen fundoplication, but after the 
concept of a "loose fundoplication" was adopted, no further 
problems occurred. This has not been the experience in 
our series, since five (36%) of 14 patients had long-term 
problems associated with dysphagia following a Nissen 
fundoplication for severe GER. 

To understand the problems encountered after EA re- 
pair, the physiologic characteristics of the distal esophagus 
must be examined. As emphasized by Joelsson et al," the 
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antireflux mechanism consists of two components, the 
valvular cardia and pump action of the body of the esoph- 
agus. To provide a rational basis to explain abnormal acid 
exposure and clearance, both components must be studied. 
If the LESP is normal and, therefore, no mechanical failure 
is present, the remaining causes of acid reflux are override 
of the normal LESP and esophageal propulsive defects. 
The former includes gastric pathologic findings, such as 
outlet obstruction, pyloric dysfunction, or gastric disten- 
tion secondary to aerophagia, and gastric motor abnor- 
malities. The latter are associated with neurologic defects 
or intrinsic abnormalities of esophageal development, as 
seen in patients with EA. 

The studies of Boix-Ochoa and Canals? described the 
maturation of the antireflux barrier during the initial five 
to seven weeks after birth. They emphasized the increased 
length of the intra-abdominal esophagus as the most 
important element. A rise in the LESP was associated 


~ with this lengthening. As a corollary, the low LESP was 


d^ 


assumed to be a factor in persistent GER. Contradictory 
study results have been presented by Moroz et al. In 
normal subjects, the LESP in children less than 1 year of 
age was higher than in older children and was well devel- 
oped by 2 weeks of age. Sphincter length increased with 
age. Only half of patients with GER had LESPs below the 
normal range, with shorter lower-esophageal sphincters 
beyond 6 months of age. Vanderhoof et al studied 2-day- 
old infants whose LESPs were comparable with those of 
adults and older children. Those children with chronic 
vomiting secondary to lower-esophageal sphincter incom- 
petence had a mean LESP of 10 mm Hg, with a range of 4 
to 21 mm Hg, indicating wide variation. Werlin et al: 
studied 14 patients two to 20 years after EA repair and 
noted a basal LESP of 22 mm Hg in both reflux and 
 nonreflux patients. Johnson et al! studied 55 patients with 


| GER, including patients with EA, who required an anti- 


reflux procedure. An adequate surgical result was not 
associated with an increased LESP when manometric 
evaluation was performed at least six weeks after surgery. 

The results of the preceding studies indicate that a 
consensus does not exist as to the normal relationships of 
the distal esophagus in the pediatric patient. Patients with 
GER do not necessarily have decreased LESPs, and a 
successful antireflux procedure does not have to change 
the LESP. Which patients’ conditions, then, improve after 
surgery? Common to all antireflux procedures are mobili- 
zation of the distal esophagus, increasing the length of 
intra-abdominal esophagus, and creation of a more acute 
angle of Hiss. If these are the components required to 
successfully control GER, then a simpler procedure, such 
as Borema anterior gastropexy!* or Thal fundoplication, 
may be adequate. The Nissen fundoplication provides the 
same anatomic components but in addition creates a poten- 
tially obstructing valve. This occasionally creates problems 
in the patient with normal esophageal motility—the gas 
bloat syndrome. To avoid this problem, the concept of a 
loose fundoplication has been adopted by most pediatric 
surgeons. Those patients with abnormal esophageal motil- 
ity are unable to overcome the opening pressure created 
by the fundoplication, and, therefore, aspiration and dys- 
phagia develop. 

If the place of surgical intervention is to be understood, 
then both components of the antireflux mechanism must 
be evaluated. The concept of esophageal acid clearance! 
stresses the duration of reflux, not frequency, since the 
time that the esophagus is in contact with gastric acid 
creates the esophageal injury. Therefore, esophageal mo- 
tility and its ability to clear the esophagus plays as 
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aen a role as the LESP in preventing symptomatic 
reflux. 

Motility disorders following EA repair are well docu- 
mented.*: Duranceau et al? emphasized that the zone of 
abnormality is variable with each patient and may involve 
very short nonfunctional segments or the entire length of 
the esophagus. To explain this disorder, vagal denervation 
and excessive mobilization of the distal esophagus have 
been suggested. Romeo et al? recently described 20 new- 
borns in whom preoperative motility studies of the proxi- 
mal and distal segments were performed. This revealed 
normal LESPs in all but two patients and motility disorders 
in all patients. This study emphasized that motility disor- 
ders were present before surgery and were therefore an 
intrinsie part of this congenital anomaly and were not 
related to the surgical repair. 

Given the many facts involved in preventing GER, what 
is a rational approach for patients with this disorder 
following an EA repair? Assuming that medical manage- 
ment has failed and significant symptoms persist that are 
either life-threatening (aspiration) or life-limiting (failure 
to grow and/or severe esophagitis) surgical intervention 
may be necessary. Preoperative manometry and extended 
pH monitoring are necessary to evaluate the LESP and 
esophageal motility. If the LESP is low or normal and 
there are only minor abnormalities in esophageal motility, 
then an antireflux procedure is appropriate, since signifi- 
cant dysphagia would not be anticipated. If a major 
dysmotility pattern is present, which usually involves the 
entire esophagus, then caution in utilizing an antireflux 
procedure is emphasized. If this is the only treatment 
option, it should be understood that prolonged dysphagia 
with supplemental gastrostomy feedings may occur. Ret- 
rospective evaluation of our patients with GER who were 
difficult to treat clearly demonstrates this point. We did 
not use preoperative studies to determine the changes, if 
any, produced by the Nissen fundoplication. All postoper- 
ative studies demonstrated normal LESP and severe mo- 
tility disorders. 

Are there technical factors that would minimize the 
dysphagia associated with the Nissen fundoplication or the 
GER associated with an EA repair? The fundoplication is 
a standardized procedure in which we employ a loose wrap, 
similar to the procedure of other authors. Several 
authors??? have suggested that a gastrostomy lowers the 
LESP. Spitz et al* reviewed 148 patients who underwent 
EA repair; 18% required a Nissen fundoplication. Surgery 
was required in 2446 of patients with a gastrostomy but in 
only 12% of patients with a transanastomotic feeding tube. 
Spitz and colleagues, therefore, no longer advocate the 
routine use of a gastrostomy at the time of initial repair. 
An end-to-side anastomosis with no mobilization of the 
distal esophageal segment has been utilized by Touloukian™ 
as an alternative to the standard end-to-end anastomosis. 
He described abnormal motility in 80% and GER in 22% of 
patients studied postoperatively. Only one patient required 
an antireflux procedure. The relative absence of severe 
GER compared with most series may be explained by the 
longer intra-abdominal esophagus, since the distal esoph- 
agus with the ligated fistula is stabilized, although mano- 
metric data are not available to support this explanation. 

We conclude that repair of EA establishes esophageal 
continuity but not normal esophageal function. A large 
percentage of these patients have severe GER, which may 
require an antireflux procedure. Preoperative evaluation 
should include manometry and extended pH monitoring to 
determine the components of esophageal function as they 
relate to the antireflux mechanism. With these data, a 
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more rational evaluation of the appropriateness of surgery 
can be made, and it may be possible to avoid long-term 
postoperative problems. 


The authors thank Harland Winter, MD, of the pediatric gastroenterology 
unit at Boston Children’s Hospital for performing the manometry procedure 
and interpreting the results and for extended pH monitoring studies 
discussed in this article. 
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Discussion 


JOHN H. SEASHORE, MD, New Haven, Conn: Fundoplication has 
been a hot topic in pediatric surgery in the last ten years. Most 
reported series have had relatively short follow-up times and have 
implied or stated that complications are extremely rare. However, 
if we take a more critical look, as Drs Curci and Dibbins have 
done, we see that there are indeed complications in many of these 
patients. Postoperative dysphagia is one of the more common 
complications. In our experience, it is almost universal in children 

-who have neurologic impairment. We have not seen major dyspha- 

gia problems in patients with EA, but we expect problems to 
occur in some of these patients. I agree completely with Dr Curci's 
. analysis of this problem, given the almost universal finding of 
 dyskinesia of the distal esophagus as part and parcel of the EA 
anomaly. 

I think this study emphasizes that reflux is part of a more 
diffuse motility disorder of the upper gastrointestinal tract. We 
see this in many ways, including dysmotility in the neurologically 
handicapped child and patient with EA, poor acid clearance from 
the esophagus in many patients, and delayed gastric emptying in 
others. Duration of reflux and clearance of acid are more important 
than frequency. It is often difficult to know which component of 
this dysmotility spectrum is primarily responsible for the patient's 
symptoms. Clearly, we need better tools to study gastrointestinal 
physiologic characteristics. 

I have three questions: (1) Did any of the patients have neurologic 
problems? (2) How do you define a “loose” wrap? (3) What criteria 
should we use to determine which of these patients need a 
fundoplication? 

DoNaLD W. Hicur, MD, Hartford, Conn: This is a very complex 
congenital malformation that requires careful preoperative timing 
and follow-up. For those of us involved in the care of these children, 
the surgery is by no means the end of the problem. We live with 
these children and their families for many years thereafter, dealing 
with the subsequent problems. We have treated several children 
who had severe esophageal motility problems who went on to 
undergo fundoplication. It is a dilemma for all of us when we are 
faced with a curative or seemingly reparative surgical procedure 
that may exacerbate the dysmotility disorder and may make 
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swallowing function worse. 

What happens to those patients who undergo the fundoplication 
in whom severe obstruction at the lower esophagus develops? Are 
you now committed to long-term gastrostomy feedings? Have you 
had to undo a fundoplication? 

CLEMENT A. HiEBERT, MD, Portland, Me: What Dr Curci 
describes is a foregut disorder reminiscent of achalasia, in which 
the esophageal muscle pump and its junction with the stomach 
are both abnormal. Surgeons focus on correcting the TEF or the 
relaxed sphineter and tend to forget the lazy conduit. Dr Curci, 
have you considered constructing a lesser barrier, ie, a 180? or 
270° fundoplication as championed by Ronald Belsey, MD? 

Dr Curci: I will try to summarize some of the comments since 
they stress the same point. Dr Seashore, most of our patients did 
not have significant neurologic or cardiac anomalies. As for the 
definition of a loose wrap, we define this rather *loosely" We place 
the largest Hurst dilator we can comfortably pass and then 
perform the wrap around this guide. As to the question of who we 
should operate on, this is a very difficult decision. Some of these 
patients have life-threatening illnesses or life-limiting symptoms 
from this disorder, and we may be obligated to operate on them. 
If we are to use a Nissen fundoplication, then we will have to 
accept the fact that some of these patients may have severe 
dysphagia for a prolonged period of time. Perhaps we should be 
using an alternative procedure. The Nissen fundoplication is not 
the ideal procedure for these children or for any individual who 
has associated esophageal motility disorders. 

Dr Hight, we have never had to take down a Nissen fundoplica- 
tion. We have had to live with these children and their parents for 
many years. All the patients eventually were weaned from their 
gastrostomy feedings, but it was a long and difficult interval 
during which the families required frequent emotional support. 

Dr Hiebert, I agree with you that this is a foregut disorder and 
that there are many factors we have to look at before we can 
provide an intelligent and rational procedure for these patients. I 
certainly agree with you that the Nissen fundoplication may not 
be the ideal procedure. 


Nissen Fundoplication—Curci & Dibbins 


~~ 


af 


ra 


Combined Kidney and Pancreas 


Transplantation in Diabetics 


A. Benedict Cosimi, MD; Hugh Auchincloss, Jr, MD; Francis L. Delmonico, MD; Leslie Fang, MD; 
David M. Nathan, MD; Nina Tolkoff-Rubin, MD; Robert H. Rubin, MD; Harold C. Yang, MD; Paul S. Russell, MD 


e Kidney and pancreaticoduodenal transplantation were 
simultaneously performed in 12 insulin-dependent diabetic 
patients. These patients had advanced secondary complica- 
tions, including blindness, vascular disease, and disabling 
neuropathy. Average posttransplant hospitalization and 
charges were 17.7 days and $42 780 compared with 11.2 days 
and $29 000 for patients who received renal allografts alone. 
Following transplantation, blood glucose and glycosylated 
hemoglobin A levels promptly returned to normal in all pa- 
tients. Two patients subsequently died, one after five months 
of a cytomegalovirus infection and one after seven months of 
a ruptured bladder. After a mean of 11.6 months of follow-up, 


‘= ten patients (83%) remained independent of insulin and dial- 


ysis. The success of pancreas transplantation in diabetics 

with advanced complications now approaches that of other 

organ allografts. It therefore appears reasonable to recom- 

mend transplantation for diabetics with less severe secondary 

complications, since these candidates are most likely to 

realize the potential benefits of long-term normoglycemia. 
(Arch Surg 1988;123:621-625) 


| pp pm diabetes is a common disorder, with 
over 10000 new cases diagnosed yearly in the United 
States. Angiopathy leading to renal failure, blindness, and 
cardiovascular disease develops in at least half of these 
patients. Their life expectancy is less than two thirds that 
of the general population. Experimental evidence suggests 


^Y that these microvascular complications result from inade- 


quately controlled glucose metabolism and that early 
restoration of glucose regulation should prevent or halt 
their progression.' Currently, there are two potential 
approaches to better glucose control: intensive regimens 
of insulin administration and pancreas transplantation. 
The major advantage of insulin administration is the 
avoidance of the risks of surgery and immunosuppression. 
Currently, there are an estimated 10000 insulin pumps in 
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clinieal use in the United States and a similar number of 
patients being treated with multiple daily injections. Most 
trials?* have demonstrated that these approaches, in com- 
parison to standard therapy, can achieve lower blood 
glucose levels. Nevertheless, a number of problems limit 
their application. Mean glycosylated hemoglobin A (HbA,,) 
levels remain 3 to 4 SDs above normal. Frequent blood 
glucose monitoring is required (four or five times per day). 
Subeutaneous abscesses develop from catheter infections. 
An increased frequency of diabetic ketoacidosis has been 
noted, presumably secondary to inadvertent discontinua- 
tion of therapy. Finally, there is a threefold increase in 
hypoglycemic reactions, including mild symptoms but also 
seizures and sudden death. As a result, only the most 
motivated and compliant patients are able to follow these 
programs. 

The rationale for pancreas transplantation is that, even 
without blood glucose monitoring, a successful transplant 
will assure completely normal regulation of glucose metab- 


olism. Until recently, however, the morbidity and mortality — s 


following pancreas transplantation justifiably restricted | 
the procedure to an investigational approach. Refinements ~ 


in the surgical techniques** combined with better immu- 
nosuppression have now provided improving success rates 
and have stimulated more widespread evaluation of pan- 
creas transplantation. Over 500 cases with one-year allo- 
graft function exceeding 50% were reported to the Trans- 
plant Registry in 1985-1986, a number about equal to the 
total world's experience for the previous 18 years.’ Stimu- 
lated by these developments, a pilot program to evaluate 
kidney and pancreas transplantation for treatment of 
diabetic nephropathy was initiated at the Massachusetts 
General Hospital, Boston, in April 1986. 


PATIENTS, MATERIALS, AND METHODS 
Patients 


Between April 1, 1986, and May 1, 1987, 76 patients with renal 
failure of varying causes underwent kidney transplantation at the 
Massachusetts General Hospital. Simultaneous pancreas trans- 
plantation was considered for all 18 patients who had insulin- 
dependent diabetes. In six patients, this was not done: three had 
living related donors, two preferred renal transplantation alone, 
and one was excluded because of severe coronary artery disease. 
Table 1 lists the clinical status of the 12 recipients of pancreas 
allografts. 
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Age, y/Sex liiness, y U/d 
1.2 
3/38/F 9.7 









10.5 







5/35/M 9.2 










6/30/M 1 


11/26/F 18 30 14.0 
12/35/M 34 32 10.7 


*HbA,. indicates glycosylated hemoglobin A. 








. Donor Organs 


The kidney and pancreas allografts were both retrieved from 
the same cadaverie donors, eight of whom were cardiac donors as 
well. The composite pancreaticoduodenosplenic allograft was iso- 
lated and perfused in vivo as described by Corry et al.5 The kidney 
and panereas were transported in iced Collins solution, with 
preservation times ranging from 2.5 to 5.5 hours. 


Recipient Procedure 


The pancreas was placed into the right iliac fossa. In the initial 
nine patients, the pancreas transplant was performed first, and 
the kidney transplant was then performed into the left iliac fossa 
with a new surgical setup. We subsequently reversed the order of 
allograft transplantation so that the entire operation could be 
performed as a single procedure. The donor portal vein was 
sutured to the recipient external iliac vein, and the donor aortic 
patch, encompassing the origin of the celiac and superior mesen- 
teric arteries, was anastomosed to the recipient iliac artery. 
Perfusion to the pancreaticoduodenal allograft was established 
with the spleen still attached. The peritoneum was then opened, 
and a two-layer anastomosis between the donor duodenum and 
recipient bladder was performed. The duodenal segment and head 
of the pancreas were placed intraperitoneally by loosely suturing 
the edges of the peritoneal window to the pancreatic capsule. The 
final maneuver was removal of the donor spleen. 


Recipient Management 


Anticoagulation was begun intraoperatively and continued for 
five days using intravenous low-molecular-weight dextran 
(20 mL/h) and subcutaneous heparin sodium (4000 U per eight 
hours) Aspirin (300 mg/d) was recommended for the first four 
months but was discontinued in five patients following the devel- 
opment of hematuria. The patients were kept in bed for 48 hours. 
Immunosuppression included cyclosporine administered orally 
(12 mg/kg/d, tapered to maintain plasma levels of 50 to 100 ug/L), 
prednisone (tapered over five days from 200 to 20 mg/d), and 
azathioprine (100 mg/d). Renal allograft rejection was treated in 
seven patients with increased administration of steroids. Three 
patients who were not completely responsive to steroids received 
OKT3 monoclonal antibody, and one patient was treated for a 
second rejection episode with Minnesota antilymphoblast globulin. 
Administration of prophylactic sulfamethoxazole and trimetho- 
prim has been continued indefinitely. Oral sodium bicarbonate was 
administered to correct the metabolic acidosis resulting from 
bicarbonate loss in the urine. 
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Table 1.—Pretransplantation Characteristics of Diabetic Patients 
Patient No./ Duration of Insulin, 


HbA,.,, %* 


1/32/M 22 40 1 Renal failure, retinopathy, neuropathy 
2/44/F 24 26 10.9 ilure, reti 
24 30 









9 20 9.1 
disease, neuropathy 
7/32/M 22 30 10.3 Renal failure, retinopathy 
8/34/M 30 44 11.3 Renal failure, retinopathy 
9/23/F 15 34 11.3 Renal failure, bladder dysfunction, gastroparesis, retinopathy, 
neuropathy 
| 10/37/M 25 38 9.7 





Secondary 
Complications 


Renal failure, retinopathy 


Renal failure, bladder dysfunction, gastroparesis, retinopathy 
(blindness) 


Renal failure, bladder dysfunction, gastroparesis, retinopathy, 
peripheral vascular disease, neuropathy 


Renal failure, bladder dysfunction, gastroparesis, retinopathy, 
peripheral vascular disease (previous amputation), 
neuropathy 1 


Renal failure, gastroparesis, retinopathy, peripheral vascular 




































Renal failure, gastroparesis, retinopathy, peripheral vascular 
disease, neuropathy 


Renal failure, bladder dysfunction 
Renal failure, retinopathy, neuropathy 















Pancreas Allograft Assessment 


Blood glucose and serum and urine amylase levels were deter- 
mined regularly while the patient was hospitalized. After dis- 
charge, fasting blood glucose concentration and urine pH were 
self-monitored at least three times weekly for eight to 12 weeks. 
Measurements of HbA,, levels as well as the above studies were 
repeated at clinie visits at monthly intervals. Oral glucose toler- 
ance tests were performed and C peptide levels were measured 
during the period of hospitalization and then at random intervals. 


At times of suspected rejection, the renal allograft was biopsied, ' 


if necessary, to exclude cyclosporine toxicity. 
RESULTS 


A typical early postoperative course is exemplified in 
Fig 1. This patient exhibited little evidence of rejection, 
requiring only a single 500-mg bolus of methylprednisolone 
sodium succinate on day 38 for treatment of a rising serum 
creatinine concentration. As in all patients treated for 
renal allograft rejection, no obvious deterioration in pan- 
creas allograft function was noted. This patient also exhib- 
ited the typical rise in urine amylase concentration to above 


20000 U/L during the first week after surgery. This value .. 
subsequently ranged from 30000 to over 100000 U/L ww 


throughout the postoperative course except in patients 6 
and 11 (Table 2). Patient 6 initially had excellent function 
of both allografts. After three weeks, renal dysfunction 
developed; he recovered following OKT3 treatment. Three 
weeks later, recurrent renal allograft rejection confirmed 
by biopsy specimen initially responded to Minnesota ALG, 
but evidence of hemolytic uremia then developed. The 
patient was returned to hemodialysis two months after 
transplantation. Throughout this time he remained inde- 
pendent of insulin and was normoglycemic. While the 
patient was being prepared for a second renal transplant, 
an active cytomegalovirus (CMV) infection developed, 
prompting withdrawal of immunosuppression. Three 
months after transplantation, the patient was readmitted 
with hyperglycemia, fever, and obvious bleeding into the 
retroperitoneum. Emergency pancreatectomy revealed ul- 
ceration of the duodenocystotomy, possibly related to the 
patient having continued pancreatic exocrine secretion 
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while being nearly anuric. Histopathologic examination of 
the pancreas revealed rejection and CMV infection. The 
patient’s condition failed to improve while he was under- 
going dialysis, and he died two months later with CMV 
infection and disseminated Aspergillus fumigatus: 

The urine amylase concentration in patient 11 initially 
rose to 35000 U/L. Five months after transplantation, the 
concentration abruptly fell. Despite a period of intensified 
immunosupression and persistent excellent renal function 
and normoglycemia, the urine amylase concentration re- 
mained low nine months after transplantation. Thus, we 
have been unable to correlate a decrease in urine amylase 
concentration with rejection activity even in the five 
patients who had rejection documented by biopsy specimen 
of the renal allograft. 

The average period of hospitalization following kidney 
and pancreas transplantation was 17.7 days (range, 10 to 


,94 days). After a follow-up period of four to 17 months 


(mean, 11.6 months), ten of the 12 patients remained 
independent of insulin and dialysis. The second death 
occurred in patient 4, who was confined to the hospital 
before surgery with advanced diabetic complications. After 
a complicated postoperative period, the patient appeared 
to be recovering except for persistent bladder dysfunction 
requiring high doses of bethanachol chloride. Six months 
after transplantation, she was readmitted with diarrhea. 
Following rehydration, urinary retention and rupture of 
the bladder developed, which led to death from intraperi- 
toneal sepsis. Renal and pancreatic function remained 
excellent until the terminal phase of the patient's illness 
seven months following transplantation. Other complica- 
tions requiring rehospitalization are listed in Table 2. 
During the period of observation (over 4000 patient-days) 
13 readmissions were required. Of the 265 hospital days 


«4 consumed by these complications, 207 were in patients 4 


through 6, all of whom had advanced diabetic complications 
before transplantation. 

As noted above, the need for postoperative exogenous 
insulin was permanently obviated in all patients except for 
patient 6, in whom rejection occurred after the withdrawal 
of immunosuppression. Results of multiple oral glucose 
tolerance studies have been normal. Serum C peptide 
levels are typically elevated because of systemic rather 
than portal venous drainage of the pancreas allograft. 
Glycosylated hemoglobin A levels returned to normal 
within two months after transplant (Fig 2). 

The exact cost of pancreas transplantation has been 
difficult to define, since it has been a nonreimbursable 
procedure in Massachusetts. Average charges for these 
patients after the combined procedure were $42 780 (range, 
$34 000 to $64 000) for the initial hospitalization. For com- 
parison, the average charges for diabetic patients after 
receiving a renal allograft alone (hospital stay averaged 
11.2 days) were $29 000. 


COMMENT 


Progress in pancreatic transplantation has lagged behind 
that of other solid organs for several reasons. The first 
involves the surgical approach. Only two of approximately 
60 whole-organ transplants recorded by 1977 functioned 
for more than one year. Since most failures resulted from 
technieal complications and infection, attention was turned 
to islet-cell infusions or segmental grafts of the distal 
pancreas. To date, there have been no reports of long-term 
suecess following islet-cell infusions in humans, primarily 
because of inadequate isolation techniques. The use of 
segmental pancreatic grafts has encountered persistent 
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Days After Transplant 


Fig 1.—Clinical course following simultaneous kidney and pan- 
creas transplantation in patient 2. Excellent function persisted 
throughout postoperative period except for mild renal allograft 
rejection (days 35 to 40), which was responsive to single 500-mg 
bolus of methylprednisolone sodium succinate. No decrease in 
urine amylase or increase in blood glucose levels was observed 
during this period. 


difficulties in the management of the exocrine secretions. 
Of ductal ligation, diversion into the intestine, free drain- 
age of secretions into the peritoneal cavity, and duct 
occlusion with synthetic polymers, none have been com- 
pletely satisfactory. Therefore, like us, many groups have 
returned to whole-organ transplantation with exocrine 
drainage into the urinary tract. 

Appropriate recipient selection is the second issue to be 
addressed. Since angiopathic complications eventually de- 
velop in only about half of the patient population with 
juvenile-onset diabetes, specific criteria identifying suita- 
ble candidates for pancreas transplantation are required. 
Currently, the complication with the most predictable 
course is renal dysfunction. The condition of diabetic 
patients in whom microalbuminuria develops in the pres- 
ence of normal renal function invariably progresses to end- 
stage renal disease requiring dialysis.* Renal transplanta- 
tion alone at this stage provides satisfactory initial results, 
with the current one-year patient survival rate worldwide 
reported as 90%. In our own experience between 1985 and 
1987, 16 diabetic patients receiving only kidney transplants 
had one-year patient and allograft survival rates of 94% 
and 75%, respectively. However, previous experience em- 
phasizes that the longer-term prognosis is poor. Major 
amputations are required in over 20% of diabetics during 
the first five years following renal transplantation, and 
patient survival rates begin to fall precipitously after three 
years. Only 31 of 55 diabetics who received renal allografts 
in our unit between four and ten years ago survived beyond 
four years; the others usually died of cardiovascular com- 
plications. Thus, kidney transplantation alone does not 
provide a suitable long-term solution for these patients. 

For our initial trial, we selected patients already under- 
going dialysis for combined kidney and pancreas transplan- 
tation. We have shown the relative safety of the procedure 
even in these higher-risk patients as well as its efficacy in 
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Fasting Blood 
Glucose, 
mmol/L 
(mg/dL) 


Serum 
Creatinine, 
p. mol/L 
(mg/dL) 


Patient 
No. 


Follow-up, 
mo 
17 


Urine 
Amylase, 


U/L Complications Outcome 


1 4.7 (85) 140 (1.6) 82 000 Nw Alive and well 
2 16 4.7 (84) 110 (1.3) 7100 000 TE Alive and well 
3 16 5.4 (97) 110 (1.2) 30000 Pathologic fractures Alive and well 
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5.2 (93) 110 (1.2) 


4.8 (87) 
5.1 (91) 
4.2 (76) 


100 (1.1) 
150 (1.7) 
160 (1.8) 


4.3 (78) 
5.8 (104) 
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130 (1.5) 
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Fig 2.—Mean glycosylated hemoglobin A (Hb A,.) levels in diabetic 
recipients of kidney and pancreas allografts. Dramatic fall to normal 
from typically elevated levels detected in insulin-treated diabetics 
was observed in all recipients by second month after transplant. 
Apparent rise after nine months resulted from only two patient 
measurements at this time interval. 


controlling glucose metabolism. Subjectively, the patients 
are enthusiastic over their sense of well-being and freedom 
from insulin dependence and dietary restrictions. Improve- 
ment in retinopathy has been documented in two patients. 
Nevertheless, we recognize that the advanced microangi- 
opathic complications from which these patients suffer are 
unlikely to regress substantially at this stage. We now 
propose to offer the procedure to patients with early but 
distinctly impaired renal function whose condition has not 
yet progressed to dialysis dependence. We anticipate that 
the combined procedure at this earlier stage might be 
effective in delaying or preventing the progression of 
secondary complications. If this expectation is realized, 
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the next step would be to consider the benefits and risks 
of pancreas transplantation alone in patients with microal- 
buminuria and normal renal function to evaluate the pos- 
sibility of preventing renal failure. While there is good 
evidence in laboratory animals that pancreas transplanta- 
tion ean prevent such secondary complications, fewer data 
are available in humans. Nevertheless, some encouraging 
clinical evidence is available.'^" Unfortunately, most pa- 
tients to date have received pancreas allografts when the 
secondary complications were probably already fixed or 
self-perpetuating. Thus, the issue of the ideal timing of 
pancreas transplantation to achieve its full therapeutic 
benefit remains a major issue. 

Thrombotic complications have been reported as major 
obstacles to pancreas transplantation. These problems 
were not encountered in this series. Several factors may 
play a role in limiting graft thrombosis. We were extremely 
careful during donor pancreatectomy and perfusion to avoid 
traumatizing the allograft; we used intraoperative and 
early postoperative anticoagulation, and we left the donor 
spleen in place following initial reperfusion. The goal of 
leaving the spleen in place temporarily is to increase blood 
flow through the allograft during the early rewarming 
period, when vasospasm is likely. We believe that splenec- 
tomy is advisable before completion of the operation 
because of the likelihood of graft-vs-host effects were it to 
be retained. We measure the blood flow in donor superior 
mesenteric and celiac arteries with electromagnetic probes 
before and following splenectomy (about one hour following 
revascularization). At this stage, blood flow falls by ap- 
proximately 30% to 40% as the splenic artery and vein are 
ligated. This observation supports our assumption that 
temporary retention of the spleen favors early perfusion of 
the transplanted tissue and, thus, subsequent vascular 
patency. 

The explanation for the limited evidence of severe rejec- 
tion observed in these patients remains speculative. Some 
investigators have suggested that retention of the donor 
spleen may provide an immunologic advantage by virtue 
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of the increased antigen load.‘ Alternatively, the spleen 
may act as a filter for donor-reactive cells before it is 
removed or as a source of donor lymphoid cells, inducing a 
low-grade immunosuppressing graft-vs-host condition. 
Studies to evaluate such possibilities will be of interest. 

In summary, we have shown that vascularized pancreatic 
transplantation can be performed successfully, that such 
transplantation provides normal glucose metabolism, and 
that this can be accomplished with only a modest increase 
in risk over that of renal transplantation alone. To achieve 
the full therapeutic benefit of pancreas transplantation, 
we need to determine when in the course of the diabetic 
illness the procedure will be optimally effective in delaying 
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or preventing secondary complications such as blindness, 
gangrene, myocardial infarction, or neuropathy. It seems 
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reasonable, therefore, to explore the benefits and risks of 
this procedure in an expanded population of insulin-de- 
pendent diabeties, such as those with early renal dysfunc- 


tion, whose otherwise poor prognosis might be improved 
by transplantation. 





Since this report was written, new data have become 
available. After a mean follow-up of 15.2 months, 14 of 16 
consecutive recipients of renal and pancreatic allografts 
were independent of dialysis and insulin. 
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Discussion 


Anruony P. Monaco, MD, Boston: I think this is the best series 
extant for patient survival and graft survival for the combined 
panereas and kidney operation. 

The first question I think someone who is not in the field would 
ask is why perform the combined operation at all? One might think 


that with these very sick patients, a staged operation would be 


more attractive. Theoretically, the combined operation clearly is 
more attractive, in that it addresses the root cause of the problem 
as well as the renal failure. Interestingly, patient acceptance is 
much higher for the combined operation. It is surprising how 
many patients around the world do not want the staged operation 
after they have undergone a successful kidney transplant. The 
authors have already alluded to the point that the costs can be 
limited if the combined procedure is performed, since many of the 
charges would be required for kidney transplantation alone; if the 
pancreas transplantation is done at the same time, these costs are 
not repeated. 

When this combined operation was introduced in Europe, the 
results were initially better or certainly no worse than those with 
the staged (sequential) operation. There are many reasons for 


«ac this. Clearly, the combined operation was introduced when there 
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was improved immunosuppression and improvements in technique. 
It is possible that giving both organs during this induction 
immunosuppression provides a larger antigen load and might lead 
to some form of unresponsiveness or tolerance. The spleen itself 
might transiently contribute to that. Furthermore, we know that 
the uremic patient is already highly immunosuppressed. Patients 
who have the pancreas transplant before they are uremic require 
much more immunosuppression and actually have a higher rate of 
complications from immunosuppression. Thus, uremia itself may 
contribute to the success of the combined operation. 

Obviously, for pancreas transplantation to be of amy great use, 
it must be applied earlier. There must be minimal morbidity and 
mortality, because we are treating a disease in which the patient 
might have 20 or 30 years of life left. I do not think this problem 
is solved surgically. One death in this series was attributed to the 
bladder anastomosis, which I think is a magnificent achievement 
for these patients. However, if we were treating young, well 
diabeties with no complications, it would be not so acceptable. 

Because of this problem, people around the world are still 
examining other techniques. Would the authors consider a modified 
operation of duct injection with a simultaneous transplant, some- 


Arch Surg— Vol 123, May 1988 


thing that has not been done in the past in a careful series? 
Ultimately, we all hope that islet-cell transplantation will obviate 
the need for extended surgical procedures. 

Dr Cosi: As Dr Monaco suggests, there are several possible 
advantages to transplanting the kidney and pancreas sequentially 
rather than in the combined operation reported here. In fact, our 
original plan was to transplant the kidney first and then, after the 
patient was stable, to proceed with the pancreas transplant from 
a separate donor. Initially, about four diabetic patients were 
scheduled for this approach. However, once these patients had 
received the kidney allograft and were feeling fine, they then were 
not very anxious to go through another operation. Unfortunately, 
we can anticipate from previous experience that they will return 
seeking a pancreas transplant three to four years later, after 
undergoing several amputations and losing their vision. It is 
difficult, however, to insist that they undergo pancreas transplan- 
tation now. We first need to accumulate more data to define the 
safety of the procedure. We must prove to the patients and our 
endocrinologist colleagues that the procedure can be safely per- 
formed when the patient is doing well clinically. We have therefore 
concluded that the most attractive current approach is to perform 
both procedures at the same operation. 

With regard to segmental pancreas transplantation with occlu- 
sion of the duct, as you stated, it has not been completely studied. 
There are many anecdotal reports, some of which suggest that not 
only does the exocrine tissue fibrose but there seems to be some 
long-term islet-cell fibrosis as well. I know this is not absolutely 
established, but that was our main reason for avoiding that 
approach. I think you are right that further evaluation is necessary, 
especially since we cannot get whole pancreases as often as we 
would like. | 

There remain a number of unresolved issues regarding pancreas 
transplantation, one of which is the ideal surgical approach. 
Ultimately, I expect the ideal approach will be islet-cell transplan- 
tation or perhaps some kind of genetic engineering of other cells 
that will give them the capacity to produce insulin. For the 
present, however, our experience has indicated that the combined 
procedure of kidney and pancreas transplantation can be per- 
formed with acceptable morbidity and mortality rates and that it 
is therefore reasonable to offer it to diabeties who are at an even 
less advanced stage of their disease. 


Transplantation in Diabetics—Cosimi et al 625 


e t 


ramas b as unu 






y 
u 
a 


x. 


o 
" y. 
"o.c 


Cw AARET ir 





b. 
b» 
ik 
Pee 


TN 


al 


Advances in the Diagnosis and 
Treatment of Pheochromocytoma 


Robert J. Havlik, MD; C. Elton Cahow, MD; Barbara K. Kinder, MD 


* Diagnosis and management of pheochromocytoma, once 
dangerous and uncertain, have been dramatically altered in 
recent years by advances in imaging, assays, and pharmaceu- 
ticals. During the past ten years we have treated 18 patients 
who had pheochromocytoma. Biochemical diagnosis was 
made in all patients by measurement of 24-hour urinary total 
catecholamine excretion or by epinephrine-norepinephrine 
fractionation. Determination of epinephrine-norepinephrine 
ratios was instrumental in making the diagnosis of pheochro- 
mocytoma in two patients in whom total catecholamine levels 
were normal. Localization of the pheochromocytoma in the 
most recently treated cases was accomplished by ultrasound, 
computed tomography, or iodine | 131 iobenguane (iodine | 
131 metaiodobenzylguanidine) scanning. Nine patients in the 
series were prepared for surgery with phenoxybenzamine 
hydrochloride and six with prazosin hydrochloride. Preoper- 
ative total a-adrenergic blockade with phenoxybenzamine 
offered no advantage over selective blockade with prazosin 
in terms of perioperative fluid requirements or intraoperative 
hemodynamic stability. 

(Arch Surg 1988;123:626-630) 


ete pheochromocytomas are present in fewer than 
0.1% of hypertensive patients, the lethal complica- 
tions of uncontrolled catecholamine release warrant ag- 
gressive diagnostic evaluation of patients with clinically 
suggestive symptoms.' In addition to hypertension, other 
symptoms, including headaches, palpitations, and diapho- 
resis, are characteristic of the disease and may occur 
paroxysmally.? 

Elucidation in the late 1950s of the pathways of cate- 
cholamine metabolism and standardization of the biochem- 


. ical assays for catecholamines and their metabolites have 


resulted in practical screening tests for the diagnosis of 
pheochromocytoma.*5 

Since 10% of pheochromocytomas may be extra-adrenal 
and 10% may be bilateral, especially in familial syndromes, 
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preoperative localization of the tumor is critical to safe, 
expeditious surgical management. Early imaging tech- 
niques included retroperitoneal air insufflation, which was 
relatively insensitive and associated with significant mor- 
bidity, and intravenous pyelography, which was diagnostic 
only in the case of large adrenal tumors.* Angiography’ 
and venography with selective venous catecholamine sam- 
pling were significant advances and often were helpful in 
localizing extra-adrenal pheochromocytomas,’ but are in- 





vasive, are often tedious, and may result in paroxysmal | 


catecholamine release from the tumor. 

More recently, ultrasound, computed tomography (CT), 
and magnetic resonance imaging (MRI) have proved to be 
noninvasive, sensitive, and specific techniques in the di- 
agnosis of even extra-adrenal pheochromocytomas.®7%. 
Finally, the presence of functional chromaffin tissue can 
now be detected by a new radiopharmaceutical, iodine I 
131 iobenguane (iodine I 131 metaiodobenzylguanidine).:: 
This guanidine analogue has a molecular structure similar 
to that of norepinephrine and is concentrated in catechol- 
amine storage vesicles. It has been particularly useful in 
localizing extra-adrenal and recurrent pheochromocytomas 
and shows therapeutic promise in the treatment of meta- 
static pheochromocytoma. 


Surgical excision is the definitive treatment for pheo- Ww 


chromocytoma. Since the first pheochromocytoma was 
resected by Mayo in 1927, there have been significant 
therapeutic refinements in both the preparation of the 
patient for surgery and the intraoperative management of 
the hectic hypertension and arrhythmias that occur with 
tumor manipulation and the severe hypotension that may 
follow tumor removal and relief of a-adrenergic stimulation. 
Use of nonselective a-adrenergic blocking agents such as 
phentolamine mesylate: ^ and phenoxybenzamine 
hydrochloride“ permits control of hypertension and allows 
intravascular volume to return to normal preoperatively, 
thus minimizing the hypotensive periods following tumor 
removal. Sjoerdsma et al'* and Ross et al5 recommended 
beginning treatment with phenoxybenzamine at least one 
week before surgery and assessing the adequacy of dosage 
by a number of criteria, including the development of 
orthostatic hypotension. B-Adrenergic antagonists are 
used in patients with tachyarrhythmias after a-adrenergic 
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blockade has been established.™"* Recently, we have used efficacy of these agents in securing adequate a-adrenergic block- — 


prazosin hydrochloride, a selective a,-antagonist, instead ade. The volume of fluid iru ri tig vou b: m ena 
of phenoxybenzamine to prepare patients for pheochro- between the maximum and minimum systo ood preces 
: measured intraoperatively were assumed to reflect in part the 

mocytoma resection. adequacy of a-adrenergic blockade and preoperative expansion of 


The purpose of this review is to assess the impact that intravascular volume. The perioperative fluid requirement was 


the cited advances in biochemical analysis, diagnostic determined to be the sum of the volume given intraoperatively 
imaging, and pharmacology have had on our treatment of and that administered during the first 24 hours postoperatively. 





pheochromocytoma during the past decade. In particular, ^ Crystalloid volume was assumed to be equivalent to one third of — 
we were interested in examining the efficacy of selective the volume given as blood or blood products. s 
a-adrenergic blockade with prazosin compared with the Tumor size, determined by maximum diameter measured by 


iti amine preparation, which is less ultrasound or CT, and total 24-hour catecholamine excretion were 
Carper ain ied ieni.: prep arbitrarily selected as indicators of the severity of the patient’s 


disease and as a means of assessing the comparability of the 
treatment groups in this unselected retrospective series. 
NUR Reet ag ae day Means and SEs were calculated in each group for the four 
variables studied: total catecholamine excretion, systolic blood 
Charts of all 18 patients operated on at Yale-New Haven (Conn) pressure deviation, fluid requirements, and tumor size. Pearson's N 
Hospital for pheochromocytoma from 1976 to the present were correlation coefficients (r), were determined and covariance anal- 
reviewed. Clinical features, diagnostic evaluations, and medical ysis was carried out to evaluate the comparability of the two 


~ and surgical treatments were recorded. treatments in controlling the cardiovascular effects of tumor- | 
related catecholamine secretion. These maneuvers permitted i 

Diagnostic Evaluation comparison of treatment efficacy between two potentially dissim- i 

ilar groups. Data were analyzed by the Statistical Analysis System 1 


Twenty-four hour urinary catecholamine excretion was mea- 


sured using a fluorometric assay. Fractionation of total catechola- at the Yale Computer Center, New Haven. 


mines into epinephrine and norepinephrine fractions was per- RESULTS 
formed when indicated. ^ Localization studies included The diagnosis of pheochromocytoma was made in all | 
arteriography, ultrasonography, CT scanning, and iodine I 131 patients by determination of urinary catecholamine excre- A 
iobenguane scintigraphy. tion. Twenty pheochromocytomas were resected from 18 4 

Preoperative Treatment patients in 19 operations. One patient (listed both as patient 1 


: x 3 and patient 11 in Table 1) had metachronous pheochro- 
Hypertension was controlled with phenoxybenzamine or pra- mocytomas. 


zosin preoperatively and f-adrenergic blockade was added in . D 
patients with arrhythmias or predominantly epinephrine-secret- h T the eM reor two mi g 2 ITA Spa eas d 

ing tumors. Four patients received no preoperative adrenergic ad neurofibromatosis, and one had von upper meau 
blockade; two of them had pheochromocytomas discovered inci- syndrome. Inthree patients lesions were detected during 1! 
dentally at surgery for another indication. induction of anesthesia for unrelated surgical procedures, k 
. ja and in three patients they presented during pregnancy or | 
Assessment of Prazosin vs Phenoxybenzamine as a parturition. | 
Preoperative Adrenergic Blocking Agent Clinically, 11 patients had sustained and paroxysmal 4 
For purposes of treatment comparison, patients receiving pre- hypertension, two patients had only paroxysmal hyperten- ? 


operative a-adrenergic blockade were divided into two groups: sion, and five patients were normotensive. Fourteen of the 3 
prazosin treated (six patients) and phenoxybenzamine treated 18 patients had headaches, 12 complained of palpitations, 












(nine patients) (Table 1). Two criteria were chosen to compare the and 12 experienced diaphoresis. E 
Table 1.— Patient Data y 
Total Tumor Fluid s 

Patient Age, y/ Drug Catecholamines, Size, Requirements, Blood Pressure, 
No. Race/Sex Treatment nmol/d (1.9/24 h) cm mL mm Hg" l 
1 29/W/F Prazosin hydrochloride 600 (102) 3.0 2800 100 M 


2 37/W/F Prazosin hydrochloride 1980 (335) 9.0 2716 90 


3 34/W/Mt Prazosin hydrochloride 340 (58) 3.0 1708 50 







| 
; 
10 18/W/M Phenoxybenzamine hydrochloride 2570 (434) 3.5 3500 100 
11 34/W/Mt Phenoxybenzamine hydrochloride 4820 (816) 9.0 5333 110 
13 44/B/M Phenoxybenzamine hydrochloride 1160 (196) 5.5 2333 120 


1 Phenoxybenzamine hydrochloride 5010 (847) 


4 43/B/F 6.0 2250 100 
15 24/W/F§ Phenoxybenzamine hydrochloride 12410 (2100) 8.0 4466 100 


*Difference between maximum and minimum systolic blood pressure recorded intraoperatively. 
tNeurofibromatosis. 

£Pregnant at time of diagnosis and surgery. 

§Von Hippel-Lindau disease. 
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Total urinary catecholamine levels were measured in 16 
patients before 17 operations and were elevated in 15 cases. 
In the two patients in whom total urinary catecholamine 
levels were not elevated, determination of norepinephrine 
and epinephrine levels disclosed an elevated epinephrine 
fraction (>20% of total catecholamines) in both instances. 





Fig 1.—Ultrasound scan of 8-cm right adrenal pheochromocytoma 
in woman who is 20 weeks pregnant. 





Fig 2.—Computed tomographic scan of 8-cm left adrenal pheo- 
chromocytoma. 


Mean (+ SE) total catecholamines, nmol/d (\1g/24 h) 
Mean (+SE) tumor size, cm 
*Values in parentheses are adjusted by analysis of covariance. 


628 Arch Surg—Vol 123, May 1988 


Early in the series, the localization of tumors was done with 
arteriography and was successful in four of four patients. 
Ultrasonography was used in nine patients and yielded abnor- 
mal findings in all nine, including one pregnant patient in whom 
it was the only imaging study used (Fig 1). 

Since 1980, CT has been used in 11 cases of pheochro- 
mocytoma and was diagnostic in all. Computed tomography 
has excellent resolution and can demonstrate areas of 
involution and central necrosis typical of pheochromocy- 
toma (Fig 2). In a patient with neurofibromatosis and 
metachronous pheochromocytomas (patient 3 and 11, Table 
1), the initial CT sean disclosed a left adrenal mass that, at 
laparotomy, proved to be a left adrenal pheochromocytoma. 
Extensive exploration disclosed no right adrenal or extra- 
adrenal tumors. Two years later, the patient returned, 
normotensive, with complaints of headaches and palpita- 
tions. The total catecholamine level was normal 
(340 nmol/d [58 ug/24 h]). However, the epinephrine frac- 
tion was elevated at 33%. A CT scan disclosed a right- 
sided adrenal mass. To confirm the diagnosis of pheochro- 
mocytoma and identify any extra-adrenal tumors, the 
patient underwent an iodine I 131 iobenguane scan that 
disclosed radionuclide uptake limited to the right adrenal 
gland (Fig 3). Resection of a right adrenal pheochromocy- 
toma was performed and, at this writing, the patient 
remains asymptomatic. 

Table 2 shows the comparison of four variables (fluid 
requirement, intraoperative systolic blood pressure varia- 





Fig 3.—lodine | 131 iobenguane scan of right adrenal pheochro- 
mocytoma in patient with neurofibromatosis. 


95.5+8.4 (95.6) 
4450+1160 (752+ 197) 
6.5+0.6 
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tion, total urinary catecholamine determination, and tumor 
size) between the patients in the prazosin-treated and 
those in the phenoxybenzamine-treated groups. Mean val- 
ues suggest that the prazosin-treated patients required 
less fluid and had less blood pressure variation than the 
patients in the phenoxybenzamine group. However, al- 
though none of the mean values for any criterion are 
statistically significantly different between treatment 
groups, the mean catecholamine levels and tumor sizes 
were higher in the phenoxybenzamine group, suggesting 
that these patients could have had more severe disease 
physiologically. Analysis of covariance was then carried 
out and the adjusted means of fluid requirement and blood 
pressure spread are shown in parentheses in Table 2 for 
both groups. The prazosin-treated group again showed a 
small though not significant decrease in systolic pressure 
difference compared with the phenoxybenzamine group. 
On the other hand, the prazosin group showed an increase 


^*' in fluid requirement of 354 mL over the phenoxybenzamine 


group. This difference again was not statistically significant. 
COMMENT 


Although a variety of screening tests have been proposed 
to evaluate patients with suspected pheochromocytoma,” 
our use of 24-hour urinary catecholamine determination 
with epinephrine-norepinephrine fractionation has proved 
highly reliable. An increased epinephrine fraction (>20%) 
disclosed pheochromocytoma in two patients in whom the 
total catecholamine levels were normal." 

In this series, arteriography, ultrasound, and CT were 
equally effective in localizing the pheochromocytomas. At 
present, CT is recognized as the best available technique 
for detecting adrenal lesions and may visualize tumors as 
small as 1 cm.” Ultrasound and MRI are especially useful 


| in pregnant patients, and MRI and iodine I 131 iobenguane 


"i'may be helpful in the differential diagnosis ef adrenal 


masses as well as in the detection of extra-adrenal pheo- 
chromocytomas. 

Preoperative a-adrenergic blockade is believed to reduce 
operative mortality by modulating the effect of catechola- 
mines released during tumor removal and, by permitting 
passive volume expansion, minimizing the hypotension 
seen after the tumor is removed. Phenoxybenzamine 
blocks both postsynaptic («,) and presynaptic (a) receptors 
and its use in therapeutic doses is attended by significant 
orthostatic hypotension.“ Prazosin, on the other hand, 
specifically blocks only the postsynaptic (a,) receptors, is 
easier to regulate, and has fewer side effects. Although 


„there have been anecdotal reports of the use of prazosin in 
"Y the management of patients with pheochromocytoma, no 


E 


formal assessment of its efficacy compared with phenoxy- 
benzamine has been carried out. ° 

To determine whether prazosin provided acceptable 
a-adrenergie blockade in this setting, we compared peri- 
operative fluid requirements and minimum and maximum 
intraoperative systolie blood pressure measurements in 
prazosin-treated patients undergoing pheochromocytoma 
resection with those of patients receiving phenoxybenza- 
mine. Although the prazosin-treated group had a lower 
mean blood pressure differential and smaller mean fluid 
volume administered perioperatively, these findings were 
not statistically significant (Table 2). The lack of significant 
difference held true even when means were adjusted 
statistically to account for the fact that the patients in the 
phenoxybenzamine-treated group tended to have higher 
catecholamine levels, larger tumors, and, therefore, pos- 
sibly more severe disease. Adjusted mean perioperative 
fluid volume was actually slightly (although again not 
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statistically significantly) higher (354 mL) in the prazosin- 
treated group (Table 2). Failure to demonstrate statistical 
significance may certainly be due in part to the small 
sample size of the study. However, the statistical similarity 
of the two treatment groups corroborates the clinical 
impression that patients in the two groups, individually 
and in the aggregate, did equally well. The ability to use 
successfully a more selective a-adrenergic blocking agent 
may also be in part due to advances in anesthetic technique 
and the availability of rapid-onset vasoactive agents such 
as sodium nitroprusside. 

In summary, recent developments in biomedical science 
have simplified the diagnosis and treatment of pheochro- 
mocytoma. Twenty-four-hour urinary catecholamine deter- 
mination should be carried out in hypertensive and selected 
normotensive patients with paroxysmal symptoms sugges- 
tive of pheochromocytoma, such as headache, palpitations, 
and diaphoresis. Epinephrine-norepinephrine fractiona- 
tion should be done in those patients with normal or 
borderline total urinary catecholamine levels in whom 
clinical suspicion of pheochromocytoma exists. Computed 
tomography is the localization procedure of choice when 
urinary catecholamine levels are abnormal. Ultrasound 
and MRI may be used to localize pheochromocytomas in 
the pregnant patient. Iodine I 131 iobenguane is particu- 
larly useful in detecting extra-adrenal tumors. Adequate 
a-adrenergic blockade can be obtained in most patients 
preoperatively with selective a-antagonists such as pra- 
zosin. 


We wish to express our appreciation to James F. Jekel, MD, MPH, for 
his generous assistance with the statistical analysis. 
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Discussion 
RoGER S. Foster, Jr, MD, Burlington, Vt: The authors have ative hypotensive agents in the prazosin and phenoxybenzamine 
emphasized their use of the a-adrenergic antagonist prazosin, groups? 
| which they chose because it is relatively more selective for the My second question relates to their surgical approach. With t 
“a a,-receptor than the more commonly used phenoxybenzamine. the excellent results of localization, what is the current pre- 
P The theoretical advantage, as has been shown, is that prazosin ferred surgical approach for treatment of adrenal pheochromocy- 
a has little effect on the a,-receptor, which, when blocked, can toma: abdominal, flank, or posterior (which I would be hesitant to 
T increase the release of norepinephrine into the circulation, result- use)? 
ing in tachycardia and renin release. Dr Havuix: First, the New York Hospital-Cornell experience 
E Since I have had no personal experience with prazosin in the is based on four patients, and thus is very limited. I am not 
g^ management of pheochromocytoma, I reached for the most recent familiar with the Japanese experience. Second, the effect of 
A copy of Goodman and Gilman's Pharmacologic Basis of Therapeu- ^ prazosin you mentioned is a well-documented first-dose effect and 
R ties and found the statement that “although prazosin has been occurs in approximately 2% to 3% of all patients. The mechanism 
j used in patients with . . . pheochromocytoma. . . there are better for this certainly has not been clearly described in the pharmaco- 
E. alternatives" There is little mention of better alternatives other logic literature. 
4 than an extensive discussion of phenoxybenzamine, but one We found it difficult to correlate the amount of sodium nitro- 
Ee alternative drug with which I have had some limited experience is prusside used during surgery with the treatment group, as most 
p methyltyrosine. Methyltyrosine inhibits tyrosine hydroxylase, patients require vasoactive agents at some point. The critical point 
> which is the rate-limiting enzyme in the synthesis of catechola- in the tumor resection comes before the ligation of the adrenal 
be mines. It is possible to combine methyltyrosine with a-adrenergic vein during the manipulation of the tumor, when there may be a ,. 
E. receptor blockade. huge catecholamine release with subsequent extreme hyperten- 
E Several groups, including the New York Hospital-Cornell group sion, followed by the ligation and removal of the tumor, when 
E and a Japanese group, have reported some dissatisfaction with significant hypotension may occur. The instant on/instant off effect 
E prazosin, based on problems with intraoperative hypertension of sodium nitroprusside is clearly better tolerated by these 
E despite good preoperative control. Others have reported severe patients than is phentolamine, which has a longer duration of 
i __ hypotensive episodes accompanying administration of the initial action. 
h dose of prazosin. However, based on what we have heard today, it Second, while imaging modalities have certainly revolutionized 
(i is hard to argue with success, and it seems that prazosin and the diagnosis of pheochromocytoma, and CT scanning has been 
ha phenoxybenzamine were equally effective as a-adrenergic recep- shown to have an accuracy and resolution of bodies as small as 
ag tor blockers. I think the availability of intravascular monitoring 1 cm in the adrenal glands, this resolution does not extend outside 
= and the availability of sodium nitroprusside have improved our the area of the adrenal glands. The CT scan is not as sensitive in 
a intraoperative management, so that for the well-prepared team, the periaortic area, where extra-adrenal pheochromocytomas 
cA intraoperative hypertensive episodes are much less of a problem. would be likely to be located. Therefore, we still advocate a 
; Can the authors give us more data comparing use of intraoper- transabdominal approach in surgical exploration in these patients. 
5 y 
e 
P In Other AMA Journals 
2 ARCHIVES OF NEUROLOGY 
k The Importance of Carotid Artery Plaque Disruption and Hemorrhage 
ag Marc Fisher, MD; Andrew M. Blumenfeld, MD; Thomas W. Smith, MD 
g The event or mechanism that causes an asymptomatic atherosclerotic carotid artery to become symptomatic 
L remains uncertain. Analysis of carotid endarterectomy surgical specimens from symptomatic patients has 
H suggested that primary intraplaque hemorrhage is the most important initiating event. Reanalysis of several Y^ 
"t recent series of carotid endarterectomy specimens demonstrated that plaque disruption (ulceration) occurs as 
a frequently as plaque hemorrhage, and that both processes are significantly more frequent in symptomatic as 
k compared with asymptomatic endarterectomy specimens. A review of the coronary artery pathology 
e literature reveals that plaque disruption is commonly present in patients with acute fatal myocardial 
; infarction. It is widely asserted that coronary artery plaque disruption leads to luminal thrombosis and 
intraplaque hemorrhage. A similar sequence of events may occur in symptomatic carotid arteries (Arch 
pe Neurol 1987;44:1086-1089). 
a$ n aren requests to Department of Neurology, Worcester Memorial Hospital, 119 Belmont St, Worcester, MA 01605 (Dr 
a isher). 
; | 
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MEFOXIN® (Cefoxitin Sodium, MSD) is indicated for the 
treatment of intraabdominal, gynecological, lower 
respiratory tract, and skin and skin-structure infections 
due to designated susceptible organisms including 
members of the Bacteroides fragilis group. (See 

Brief Summary for complete listing of Indications.) 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. 
This product should be given with caution to penicillin- 
sensitive patients. 


Pseudomembranous colitis, from mild to life-threatening 
in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 
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Indications and Usage: /reatment—Serious infections caused by susceptible strains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by £. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms now 
Called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess. 
caused by £. coli, Klebsiella species, Bacteroides species including the B. fragilis 

on and Clostridium species. 

YNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacteroides species including 
the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g.. Strep. faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including 
the B. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may 
be started while awaiting these results. Cefoxitin is not active in vitro against most strains 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of 
ebd cloacae. Methicillin-resistant staphylococci are almost uniformly resistant to 
cefoxitin. 

Prevention—Prophylactic use perioperatively (preoperatively, intraoperatively, and 
postoperatively) in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, 
transurethral prostatectomy) classified as contaminated or potentially contaminated or in 
patients in whom infection at operative site would present a serious risk, e.g., prosthetic 
arthroplasty; intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEFOXIN usually should be given ^ to 1 hour before surgery and should usually be 
Stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does not 
reduce the incidence of subsequent infection. However, in patients undergoing prosthetic 
arthroplasty, it is recommended that MEFOXIN be continued for 72 hours after the surgical 
procedure. If there are signs of infection, specimens for culture should be obtained for 
identification of the causative organism so appropriate therapy may be instituted. 

Cuni iege Previous hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics (including cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics aller normal flora of 
colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile is 
a primary cause of antibiotic-associated colitis. Mild cases may respond to drug 
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discontinuance alone; in more severe cases, management may include sigmoidoscopy, 
appropriate bacteriological studies, fluid, electrolyte and protein supplementation, and use 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other causes 
of colitis should also be considered. 

Precautions: Genera/—Total daily dose should be reduced in patients with reduced 
urinary Output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions—Increased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (>100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reported. 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. ry, 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times 
maximum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
Or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use —Safely and efficacy in infants from birth to three months have not yet been 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Local Reactions—Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. Allergic 
Reactions —hRash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and othe T 
allergic reactions including anaphylaxis. Cardiovascular —Hypotension. 
Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during or 
after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, leukopenia 
including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may 
develop in some individuals, especially those with azotemia. Liver Function — Transient 
elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase; jaundice. Renal 
Function—Elevations in serum creatinine and/or blood urea nitrogen levels and, rarely, 
acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
staphylococcal and other infections involving a collection of pus, surgical drainage should 
be carried out where indicated. Intramuscular injections should be well within the body of 
a relatively large muscle such as the upper outer quadrant of the buttock (i.e., gluteus 
maximus); aspiration is necessary to avoid inadvertent injection into a blood vessel. The 
total daily dosage in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage® + 
vials containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. x 


* B. fragilis, B. distasonis, B. ovatus, B thetaiotaomicron, B. vulgatus 
** Registered trademark of Ames Company, Division of Miles Laboratories. Inc 
*Registered trademark of Abbott Laboratories, Inc 


For more detailed information, consult your MSD Representative or see M 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., SHAR 
Inc., West Point, PA 19486 J7MF61R (125) 
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“YES, THERE IS 
LIFE AFTER 
ST CANCER. 


AND THAT'S THE 
LE POINT.” 


—Ann Jillian 











A lot of women are so afraid of 
breast cancer they don't want to hear 
about it. 

And that's what frightens me. 

Because those women won't prac- 
tice breast self-examination regularly. 

Those women, particularly those 
over 35, won't ask their doctor about a 
mammogram. 

Yet that’s what's required for breast 
cancer to be detected early. When the 
cure rate is 90%. And when theres a 
good chance it won't involve the loss of 
a breast. 

But no matter what it involves, take it 
from someone whos been through it all. 

Life is just too wonderful to give up 
on. And, as I found out, you don't have 
to give up on any of it. Not work, not 
play, not even romance. 

Oh, there is one thing, though. 

You do have to give up being afraid 
to take care of yourself. 


AMERICAN CANCER SOCIETY 


A Get a checkup. Life is worth it. 635 
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Pericardial Flap Prevents Sternal 


Wound Complications 


William C. Nugent, MD; Elizabeth L. Maislen, RN; Gerald T. O'Connor, PhD, DSc; 


Charles A. S. Marrin, MB, BS; Stephen K. Plume, MD 


e By interposing a pedicle of pericardium between the heart 
and sternum, mediastinitis may be prevented and sternal 
healing facilitated. Between Jan 1, 1984, and mid-1986, before 
we began using the pericardial flap, the overall incidence of 
mediastinitis and/or sternal wound dehiscence was 2.73% (26 
of 952 patients). This rate did not differ significantly among 
three surgeons (2.53%, 2.95%, and 2.69%). During mid-1986, 
two of the three surgeons adopted the use of the pericardial 
flap and used it on 226 of 270 patients. None of these 270 
patients developed mediastinitis or sternal wound dehis- 
cence. The third surgeon did not adopt the use of the flap and 
operated on 100 patients during the same period. In this group, 
there were three cases of mediastinitis. This difference was 
statistically significant. No specific complications attributable 
to construction of a pericardial flap were identified in our 
patients. We conclude that the routine use of a pericardial flap 
is a safe, simple, and effective means of preventing mediasti- 
nitis and/or sternal dehiscence following cardiac surgery. 

(Arch Surg 1988;123:636-639) 


ji. seinen and sternal wound dehiscence are dreaded 
and potentially lethal complications that ean occur 
following cardiac surgery. The reported incidence of these 
complications is 0.5% to 8.0%,'! and some authors believe 
that this incidence may increase as a result of the expanded 
use of the internal mammary artery graft, since this 
technique may result in partial devascularization of the 
sternum.*? Mediastinitis leads to the morbidity and ex- 
pense of additional operations, prolonged hospitalization,‘ 
inereased incidence of graft closure, and an associated 
mortality of 7% to 5296.! 

When mediastinitis develops, it is usually associated 
with partial or total sternal wound dehiscence. By provid- 
ing blood supply to a normally avascular anterior medias- 
tinum, muscle and/or omental pedicle flaps have greatly 
facilitated the treatment of mediastinitis, often allowing 
for the closure and subsequent healing of the sternum.* 

We eapitalized on an idea described by Flege* and applied 
the same concept of interposing vascularized tissue be- 
tween the heart and the sternum in the hope of preventing 
mediastinitis and sternal dehiscence. In this article, we 
describe the technique that we have developed for con- 
structing a pericardial flap based on the right pleuroperi- 
cardial reflection and review our preliminary experience 
with this procedure. 


Accepted for publication Jan 27, 1988. 
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PATIENTS AND METHODS 
Surgical Techniques 


Following a median sternotomy incision, the left pleural space 
is opened widely, and, if needed, the internal mammary artery is 
dissected off the chest wall and prepared for bypass. It is easier 
to make the flap with the left sternal edge elevated, as with the 
dissection of the internal mammary artery. The pericardium is 
opened at its junction with the diaphragm. The incision is made 
parallel to the diaphragm to the pleuropericardial reflection on 
the right and toward the ventricular apex on the left. The incision 
is then directed cephalad just lateral to and following the course 
of the left anterior descending artery, to the level of the pulmonary 
artery. The pericardium and remaining mediastinal fat and thymic 
tissue are then divided as the incision courses obliquely over the 
pulmonary artery to the aorta, along the inferior border of the 
innominate vein (Fig 1). 

The flap may then either be affixed to the right side of the 
sternal retractor by stay sutures (Fig 2) or folded into the right 
pleural space while the operation progresses. If stay sutures are 
used along the left pericardial edge, they must be placed with 
care to avoid injury to the phrenic nerve. 

After the cardiac procedure is complete, separate drainage 
catheters are placed in the posterior pericardial and left pleural 
spaces. Before closing the sternum, the pericardial flap is draped 
over the right ventricle, ensuring the presence of pericardial 
tissue between the heart and the sternum (Fig 3). No attempt is 
made to close the pericardium laterally, and there is free commu- 
nieation with the left pleural space. Sternal closure is then 
completed in the routine fashion. 

In the case of reoperation, the previous sternotomy is opened, 
and the pericardium is dissected from the undersurface of the left 
side of the sternum until the edge of the pericardial flap is 
identified. The flap is then elevated off the myocardial surface and 
again reflected to the right. The flap may thus be used again at 
the completion of the reoperation. 


Y, 


Patients and Experimental Methods Y" 


The course of every patient who underwent a cardiac procedure 
via a median sternotomy at Dartmouth-Hitcheock Medical Center, 
Hanover, NH, between Jan 1, 1984, and Sept 1, 1987, was 
retrospectively reviewed for the development of mediastinitis or 
sternal wound dehiscence. During mid-1986, two (of three) cardiac 
surgeons at this institution adopted the pericardial flap procedure 
and used it in all patients, unless the pericardium was to be used 
for the repair (as in closure of an atrioseptal defect) or, in the case 
of reoperation, a flap had not been created in the previous 
operation. The third surgeon continued to open the pericardium 
in the midline and leave it open at the conclusion of the procedure. 

To evaluate the effectiveness of the flap, we compared the 
incidence of mediastinitis and/or sternal wound dehiscence before 
use of the flap with the incidence of these complications in patients 
in whom the flap was created. 


Statistical Analysis 


Analysis of nominal variables was accomplished using rate 
ratios, test-based 95% confidence intervals, the x? test, or, when 
necessary, Fisher's exact test; all were computed using standard 
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Fig 1.— View of pericardium showing line of incision. 


methods.’ (Hypothesis testing was interpreted as significant at 
the traditional P=.05 level; all P values were two tailed.) 


up. RESULTS 


During the period from Jan 1, 1984, to Sept 1, 1987, 1322 
patients underwent median sternotomy at the Dartmouth- 
Hitchcock Medical Center. Between Jan 1, 1984, and mid- 
1986, the period before the pericardial flap technique was 
instituted, 952 patients underwent median sternotomy. In 
this group of 952 patients, there were 26 cases cf medias- 
tinitis and/or sternal wound dehiscence. The overall rate 
of 2.73% (26/952) did not differ significantly (x? — .11, df — 2, 
P —.95) by surgeon (2.53%, 2.95%, and 2.69%) (Table 1). 

During mid-1986, two surgeons adopted the use of the 
perieardial flap and used it on 226 of their 270 patients. In 
this group, no patients developed mediastinitis or sternal 

, wound dehiscence. Among the 100 patients undergoing 
cardiac surgery by the surgeon not utilizing the pericardial 
flap during this same period, three developed mediastinitis 
and/or sternal wound dehiscence. This difference in inci- 
dence rates was statistically significant (Fisher's exact test 
[two tailed], P — .038). 

Thus, since 1984, 1322 patients have undergone cardiac 
surgical procedures requiring median sternotomy at our 
institution (Table 2) Twenty-nine (2.65%) of the 1096 
patients who did not receive the pericardial flap developed 
mediastinitis and/or sternal wound dehiscence, while no 
instances of this complication were seen in those who 
received a pericardial flap. This difference was statistically 
significant (Fisher's exact test [two tailed], P — .008). 

! Of the 226 patients with the pericardial flap, three 

“ (1.33%) developed staphylococcal empyema during the 

postoperative period. These patients were initially treated 
by tube thoracostomy. One required additional drainage of 

a loculation in her anterior left pleural space. Another 

required emergency left-sided thoracotomy for acute hem- 
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Fig 2.—Pericardial flap retracted for surgery. 


Fig 3.—Pericardial flap replaced at conclusion of surgery. 
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Table 1.—Incidence of Mediastinitis and/or Sternal 
Wound Dehiscence Before Use of Pericardial Flap 
(Jan 1, 1984—Mid-1986)* 


No. of Cases 
of Mediastinitis and/or 
Surgeon Sternal Dehiscence 


No. of 


Operations Incidence, % 


2.53 


2.69 
2.73 


*X? — .11, df=2, P=.95 (two tailed). 


orrhage and was found to be bleeding from the distal 
anastomosis adjacent to an undrained collection of pus. 
None of these three patients developed sternal instability 
or infection within the anterior mediastinum. 

The incidence of major intrathoracic infection (medias- 
tinitis and empyema) among patients undergoing cardiac 
surgical procedures at our institution from Jan 1, 1984, 
until Sept 1, 1987, was 2.42% (32/1322). Among patients 
who received the pericardial flap, the rate was 1.33% 
(3/226); among those who did not receive the pericardial 
flap, the rate was 2.65% (29/1096). The rate ratio was 2.0 
(95% confidence interval = 0.58, 8.33). 

No complications were attributable to construction of 
the flap. In three patients who required late reoperation, 
the pericardial flap added protection to the heart during 
the repeated sternotomy and was no more difficult to 
dissect off the heart than other pericardial or mediastinal 
adhesions. In each of these cases, the flap was suitable for 
reuse at the conclusion of the reoperation. 


COMMENT 


This observational study demonstrates that, at our insti- 
tution, the routine use of a pericardial flap in patients 
undergoing cardiac surgical procedures was associated 
with a significant reduction in the rate of mediastinitis 
and/or sternal dehiscence. The rates of mediastinitis and/ 
or sternal wound dehiscence among the three cardiac 
surgeons at our institution were virtually identical before 
adoption of the use of the pericardial flap. The surgeon 
who did not use the pericardial flap continued to have a 
similar incidence of mediastinitis and/or sternal wound 
dehiscence until the conclusion of the study. The two 
surgeons who adopted the pericardial flap technique had 
no further cases of mediastinitis and/or sternal wound 
dehiscence. 

The traditional midline pericardial incision is easy to 
make and provides excellent exposure for any cardiac 
procedure. Its disadvantage is that it usually cannot be 
closed safely at the end of the operation; thus, the anterior 
epicardial surface lies directly behind and adjacent to the 
sternum. This removes a layer of vascularized tissue from 
the retrosternal space and exposes the heart to the risk of 
injury during reoperation. 

Contributing factors to the development of mediastinitis 
include poor blood supply and the tendency for blood to 
accumulate in the anterior mediastinum after surgery.' 
Once infection is established, drainage usually occurs 
spontaneously via the sternotomy incision, resulting in a 
necrotic, unstable, and grossly infected sternum. The 
importance of having vascularized tissue in the retrosternal 
space has been demonstrated by the successful treatment 
of mediastinitis, with the rotation of a pedicle of omentum 
into the anterior mediastinum, allowing a solid sternal 
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Table 2.—Overall Incidence of Mediastinitis and/or Sternal 
Wound Dehiscence by Presence of the Pericardial Flap 
(Jan 1, 1984-Aug 31, 1987)* 


Pericardial No Pericardial 
Outcome Flap Flap Total 


Mediastinitis and/or 
sternal wound dehiscence 0 29 29 
No mediastinitis and/or 
sternal wound dehiscence 226 1067 1293 
Total 226 1096 1322 
*The incidence of mediastinitis and/or sternal wound dehiscence was 


0.0% (0/226) with the pericardial flap and 2.65% (29/1096) without the 
pericardial flap (Fisher's exact test [two tailed], P= .01). 





closure.’ This study demonstrates that sternal healing can 
be facilitated and mediastinitis and sternal wound dehis- 


cence prevented by routinely placing healthy pericardial * 


tissue beneath the sternotomy at the initial operation. 

Other factors may also contribute to the success of this 
technique in promoting sternal healing. If fluid is allowed 
to accumulate in the retrosternal space, it is more likely to 
drain via the sternal wound, exposing the mediastinum to 
retrograde contamination. A fluid collection here may also 
squash the sternum via a “water hammer" effect caused by 
the constant motion of the heart and the intermittent 
coughing of the patient. In our technique, the left pleural 
space is widely opened and the pericardium is incised 
laterally so that there is free communication between the 
two, allowing the fluid to drain into the left side of the 
chest cavity, rather than accumulating behind the sternot- 
omy. 

Concern about injury to the right ventricle or anteriorly 
placed vein or internal mammary artery grafts at reopera- 
tion has prompted some surgeons to advocate routine 
closure of the midline pericardial incision at the conclusion 
of a cardiac operation.* They argue that a layer of pericar- 
dium effectively protects cardiac structures from injury 
during reoperation. Routine closure of the pericardium has 
not gained wide acceptance, partly because of an increased 
risk of tamponade or graft compression.’ Because the 
pericardium cannot be closed primarily, artificial pericar- 
dial substitutes have been proposed to facilitate closure,” 
although many feel that the additional foreign body placed 
within the mediastinum may increase the risk of subse- 
quent infection. The use of a pericardial substitute or 
closing a midline pericardial incision eliminates many of 
the advantages of the pericardial flap. There is no healthy, 
intact vascular pedicle to promote healing of the sternum, Y 
and fluid may accumulate in the anterior mediastinum, as 
no provision is made for drainage into either pleural space. 
By contrast, the pericardial flap interposes a vascular 
pedicle of tissue between the heart and the sternum, 
without incurring the risks of tamponade or graft com- 
pression. Should reoperation become necessary, the flap is 
readily available for reuse at its conclusion. 

The pericardial flap facilitates the use of the internal 
mammary artery as a bypass conduit. Creation of a peri- 
cardial flap makes it unnecessary to incise the pericardium 
separately to avoid angulation ofthe left internal mammary 
artery. The flap will also cover and thus help protect the 
right internal mammary artery when it is positioned 


anteriorly (eg, in a bypass to the left anterior descending » 


artery). 

It is important to point out that use of the pericardial 
flap has both reduced the incidence of major postoperative 
intrathoracic infections and altered the natural course of 
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these infections. Although no patients who received the 
pericardial flap developed mediastinitis or sternal wound 
dehiscence, there were three cases of left-sided empyema, 
albeit with stable, healing sternal incisions. Empyema is 
an unusual complication following cardiac surgery, and we 
could find no reference to it in the medical literature. 
Should an empyema occur, it can usually be drained by a 
tube thoracostomy, without additional reconstructive sur- 
gery, and it is not ordinarily associated with the respiratory 
compromise associated with an unstable sternum. 
Disadvantages of the pericardial flap are few. It does 
take additional time to construct. The technique can seem 


awkward at first, but with repeated use, it becomes 
incorporated into the routine of any cardiac procedure. 
Injury to the phrenic nerve can be avoided by making the 
pericardial incision across the pulmonary artery as soon as 
the pulmonary artery is reached, where the phrenic nerve 
lies more anteriorly. 

We conclude that routine use of a pericardial flap based 
on the right pleuropericardial reflection facilitates sternal 
healing and prevents mediastinitis and sternal wound 
dehiscence. The flap provides protection for the heart at 
the time of repeated sternotomy and can be used again 
after reoperation. 
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Discussion 


THOMAS J. VANDER SALM, MD, Worcester, Mass: Sternal or 
mediastinal infection may constitute the worst complication follow- 
ing cardiac surgery, at times even worse than death. It is worse 
because, first, patients with acute mediastinitis after heart oper- 
ations often do die (59% in our hospital) and second, because en 
route to death, the patients and their families suffer the torture 
of multiple operations, multiple organ failure, and a hospitalization 
that extends for weeks or even months. Therefore, any therapy 
that truly lowers the incidence of this complication must be given 
great attention. I do not know yet if the technique described by 
Dr Nugent et al will prove to be as efficacious as the data suggest. 
Most cardiac surgeons go for long periods without seeing any 
sternal infections, only to be beset by a string of them in a short 
period. As mysteriously as this plague begins, it seems to end. 
So, the timing of this study could fortuitously have eaught an ebb 
in the tide of sternal infection; only time will tell. However, if the 
results hold up over time, Dr Nugent and his colleagues will have 
made a great contribution to us all. 

Assuming that this will be the case, I wish to ask this question: 
Why does such a minor change in technique lead to such a major 
and salutary change in result? If you attribute the procedures 
success to guiding the accumulation of blood and serum away from 
the posterior aspect of the sternum and into the left side of the 
chest, then would the standard midline pericardial opening accom- 
panied by wide opening of the left pleura achieve the same 
success? If instead you attribute the procedure’s success to 
shielding the heart from the sternum, then would the interposition 
of any tissue between the heart and sternum give equivalent 
results? 

JoHN B. FLEGE, Jr, MD, Cincinnati: I have employed the 
incision to facilitate the positioning of internal mammary artery 
grafts. When the incision is made, the left internal mammary 
artery drops directly down along the anterior descending coronary 
artery, without angulation over a cut edge of pericardium. Also, if 
it is used to the lateral side of the heart or to the posterior 
descending branch of the right coronary artery, it comes right 
down along the left atrial appendage to the posterior aspect of the 
heart. When the right internal mammary artery is used, the 
artery may be brought posterior to the superior vena cava and 
behind the pericardium and the thymus tissue that is included in 
the flap, coursing toward the anterior descending coronary artery. 
At the termination of the operation, the artery is completely 
protected by covering with the pericardium, so that in the event 
that a reoperation is required, there is no possibility of damaging 
it. 
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The apparent reduction in incidence of infection is an unexpected 
advantage of this technique. Unfortunately, in my patients it has 
not completely eliminated infection. In approximately 400 cases, 
I have had two patients with mediastinitis and sternal infection. 
It is apparent that it changes the character of this complication, 
because on opening the sternum to drain the infection in these 
patients, I found no space behind the sternum. The thymic tissue 
and the pericardial fat had adhered to the sternum. There was 
also no tracking of the infection into the left pleural space, even 
though it had been widely opened, and there was no intrapericar- 
dial infection. The management of these complications was facili- 
tated by having the mediastinal space eliminated by the pericardial 
flap, with attached fat and thymic tissue. 

Dr PLUME: I thank Dr Vander Salm for his comments and agree 
with them. The impact of mediastinitis in both human and 
economic terms is dramatic. In finding statistical significance, we 
have attempted to address the sporadic incidence of this compli- 
cation, but I think we are stuck with the fact that when a problem 
has such a low incidence, the numbers tend to be unstable. Using 
accepted statistical techniques, these are our incidence rates. 
There does appear to be a real difference associated with a flap 
type of closure. 

The question of why such a seemingly minor change in technique 
has such a dramatic impact on the incidence of mediastinitis is a 
valid one. I am impressed with the similarity in appearance of the 
pericardial flap and the omental flap, which the plastie surgeon 
uses to treat mediastinitis. I think the reason that both techniques 
promote healing is the same; namely, they both place viable tissue 
with a good blood supply adjacent to the area that we want to 
heal. Equally important may be the laterally placed pericardial 
incision, as it promotes drainage of fluid into the left pleural 
space. Perhaps it is getting the blood out of the mediastinum that 
has reduced the incidence of mediastinitis. 

The fact that Dr Flege has continued to see sternal complications 
may be related to subtle differences in our technique of making 
the flap. If I understand him correctly he places an anterior 
drainage tube between the flap and the sternotomy, something we 
do not do. He also does not routinely widely open the left pleural 
space. These may be critical ingredients in the efficacy of this 
procedure. 

I would emphasize that despite the small and possibly unstable 
numbers, we believe that they meet accepted tests of statistical 
significance. We propose the method for your consideration and 
hope that it will be either validated or rejected as others may be 
stimulated to use it. 
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Protein Synthesis and Degradation in 
Skeletal Muscle From Septic Rats 


Response to Leucine and a-Ketoisocaproic Acid 


Per-Olof Hasselgren, MD, PhD; J. Howard James; Brad W. Warner, MD; 


Robert P. Hummel III; Josef E. Fischer, MD 


è It has been suggested that leucine and a-ketoisocaproic 
acid (KIA) stimulate protein synthesis and reduce protein 
breakdown and may be useful in the treatment of muscle 
catabolism during sepsis. However, whether leucine and KIA 
regulate protein turnover in septic skeletal muscle is not 
known. In this study, intact muscles from untreated normal 
rats or from rats subjected to cecal ligation and puncture were 
incubated in the presence of leucine or KIA. In normal muscle, 
leucine stimulated protein synthesis and reduced protein 
degradation, while KIA decreased protein breakdown. In septic 
muscle, protein synthesis was also stimulated by leucine, but 
only at a concentration higher than that needed to affect 
protein synthesis in normal muscle. Protein breakdown in 
septic muscle was unaffected by leucine and KIA even at an 
extracellular concentration as high as 5 mmol/L. Since other 
experiments showed that the intracellular concentration of 
leucine was not different in incubated normal and septic 
muscles, these results suggest that sepsis induces changes in 
skeletal muscle protein turnover that are resistant to the 
effects of leucine. 

(Arch Surg 1988;123:640-644) 


nereased degradation and reduced synthesis of skeletal 
muscle protein have been reported to occur in trauma 
and sepsis. A regulatory effect of the branched-chain 
amino acids (BCAA), particularly leucine, on protein turn- 
over in skeletal muscle was suggested in previous studies, 
ie, protein synthesis increased and degradation decreased 
following addition of leucine to incubated diaphragms of 
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rats. Leucine has also been shown to increase muscle 
protein synthesis in perfused rat hemicorpus." Other stud- 


ies have demonstrated that stimulation of protein synthesis - «/ 


was signaled by intracellular levels of leucine itself, 
whereas a-ketoisocaproic acid (KIA), the product of leucine 
transamination, was essential for the inhibitory effect on 
protein degradation.”” 

The use of BCAA to reduce muscle catabolism and to 
improve nitrogen balance in the treatment of septic patients 
has been suggested. It is not known, however, if leucine 
and its metabolites regulate protein turnover similarly in 
normal and septic muscle. The present study therefore 
compares the effects of leucine and KIA on protein synthe- 
sis and degradation in skeletal muscles from nonseptic rats 
and from rats subjected to cecal ligation and puncture 


(CLP). Recently, we found that skeletal muscle becomes Y^ 


severely catabolic in this septic model, with protein break- 
down being increased by about 50%.° 


MATERIALS AND METHODS 


Male Sprague-Dawley rats, weighing between 60 and 70 g, were 
used. The extensor digitorum longus (EDL) and soleus (SOL) 
muscles from these animals are small enough to allow adequate 
oxygen and substrate diffusion into tissue under in vitro incubation 
conditions." Normal muscles were taken from untreated rats and 
"septic" muscles from rats that had undergone CLP 16 hours 
earlier. This method to induce sepsis in rats has been previously 
described." A midline abdominal incision was made under light 
ether anesthesia, and the cecum was ligated below the ileocecal 
valve and punctured twice with an 18-gauge needle. Saline solution 
(5 mL/100 g of body weight) was injected subcutaneously on the 
dorsum for hydration. The animals were allowed water but no food 
after the operative procedure. In some experiments, muscles were 
taken from rats that had undergone a sham operation, ie, 
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Table 1.—Effects of Leucine on Protein Synthesis and 
Degradation in Incubated Muscles From Untreated Normal 


Protein Synthesist 


EDL 


—0.163-— 
0.015 


+0.226 + 
0.019 


+39% 
P<.02 
ND 


0.5 mmol/L 


1.0 mmol/L ND 


Rats* 


SOL 


—0.252+ 
0.024 


+0.388 + 
0.047 


+54% 
P<.02 
ND 


ND 


EDL 


—0.268 + 
0.023 


+0.246 + 
0.034 


NS 


— 0.319 + 
0.020 


+0.253+ 
0.013 


—21% 
P<.02 


Protein Degradation} 
— Án 


SOL 


—0.328 + 
0.032 


+0.278+ 
0.029 


NS 


—0.483+ 
0.044 


+ 0,368 + 
0.021 


— 24% 
P<.02 





*Results are from seven paired observations at each concentration of 
leucine. EDL indicates extensor digitorum longus muscle; SOL, soleus 
muscle; NS, not significant; and ND, not determined. 

TValues expressed in micromoles of phenylalanine per gram of wet weight 


per two hours. 


Values expressed in micromoles of tyrosine per gram of wet weight per 


two hours. 


Table 2.—Effects of Leucine on Protein Synthesis and 
Degradation in Incubated Muscles From Septic Rats* 


1.0 mmol/L 


2.5 mmol/L 


5.0 mmol/L 


Protein Synthesist 
e, 


SOL 


— 0.201 + 
0.031 


4- 0.268 + 
0.046 


NS 


—0.144+ 
0.024 


+0.202 + 
0.030 


+40% 
P<.01 
ND 


ND 


EDL 


—0.590 + 
0.045 


+0.596 + 
0.041 


NS 


—0.706+ 
0.044 


+0.721>+ 
0.029 


NS 
— 0.555 + 
0.011 


+0.528+ 
0.013 


NS 


—0.611+ 
0.020 


+0.617+ 
0.018 


NS 


Protein Degradation} 
(ay 


SOL 


—0.489 + 
0.047 


+0.456 + 
0.024 


NS 


— 0.669 + 
0.031 


0.669 + 
0.033 


NS 


—0.555>+ 
0.018 


+0.504 + 
0.026 


NS 


— 0.533 + 
0.020 


+0.504 + 
0.043 


NS 


laparotomy and manipulation of the cecum (without ligation or 
puncture) and fluid resuscitation 16 hours earlier. These animals 
were also fasted after the operative procedure. 

Under ether anesthesia, EDL and SOL muscles were dissected 


y. With intact tendons. The muscles were weighed, preincubated for 


| 


Í 


30 minutes, and then incubated for an additional two hours in 3 mL 
of fresh medium consisting of Krebs-Henseleit bicarbonate buffer 
(pH, 7.4) with glucose (10 mmol/L). The medium was gassed with 
oxygen and carbon dioxide (ratio, 95:5), and incubation was 
performed at 37°C in a shaking water bath. In some experiments, 
SOL muscles were incubated in a stretched state corresponding to 
the resting length of the tissues. Ligatures were tied around the 
tendons and the muscles were fixed on small racks made of 
stainless steel. 

For the study of protein synthesis, phenylalanine “C 
(New England Nuclear, Boston) was added to the medium 
(0.05 uCi/mL; 0.5 mmol/L). After incubation, the muscles were 
homogenized in cold 10% trichloroacetic acid. The acid-precipi- 


ted pellet was washed twice with 10% trichloroacetic acid and 


once with ether and ethanol (ratio, 1:1). The pellet was dried 
overnight at room temperature and dissolved in 100 uL of water and 
1 mL of tissue solubilizer (TS-1, Research Products International 
Corp, Mount Prospect, Ill. Radioactivity measurements were 
performed in a scintillation spectrometer (LKB 1217, Rackbeta, 
Stockholm). Counting efficiency (approximately 8096) was deter- 
mined by external standard method. 

Since a high concentration of phenylalanine was used in the 
incubation medium, the extracellular specific radioactivity of 
phenylalanine "C was used for calculation of the amount of amino 
acid incorporated into protein. Equilibration of extracellular, 
intracellular, and aminoacyl-tRNA specific radioactivities has 
been demonstrated under conditions using a high extracellular 
amino acid concentration, both in vitro and in vivo.” 

For the study of protein degradation, cycloheximide (0.5 mmol/L) 
was added to the incubation medium, and the proteolytic rate was 
estimated by measuring the release of tyrosine into the incubation 
medium, as described previously.*” Tyrosine concentrations were 
determined according to the procedure of Waalkes and Uden- 
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*Results are from seven paired observations at each concentration of 
leucine. EDL indicates extensor digitorum longus muscle; SOL, soleus 
muscle; NS, not significant; and ND, not determined. 

tValues expressed in micromoles of phenylalanine per gram of wet weight 
per two hours. 

Values expressed in micromoles of tyrosine per gram of wet weight per 
two hours. 


friend.” In other experiments, we found that the tissue concentra- 
tion of tyrosine remained constant during incubation in both 
control and septic muscles, thus making it possible to estimate the 
rate of protein degradation by measuring the release of tyrosine 
into incubation medium (data not shown). 

When the effects of leucine, KIA (as the sodium ion salt), or 
leupeptin (Sigma Chemical Co, St Louis) on protein synthesis or 
degradation were investigated, the substances were present in the 
medium during both preincubation and incubation at concentra- 
tions described in the *Results" section. Since it is well known that 
protein turnover rates in incubated muscles from rats may vary 
from day to day," contralateral muscles incubated without addi- 
tions always served as controls. 

In other experiments the intracellular concentration of leucine 
was determined in normal and septic SOL muscles incubated for 
one hour in the presence of different concentrations of leucine and 
0.05 wCi/mL of inulin “C (New England Nuclear). After incubation 
the muscles were weighed and homogenized in 5% sulfosalicylic 
acid containing an internal standard for amino acid analysis. The 
acid-soluble leucine concentration was measured in an amino acid 
analyzer (121-MB, Beckman, Palo Alto, Calif), and the intracellular 
leucine concentration was determined from total tissue leucine 
corrected for leucine in extracellular fluid, determined as radioac- 
tive inulin space. The mean (+SEM) total water content in these 
experiments was 0.80 + 0.004 wL/mg of normal muscle (n= 12) and 
0.80+0.008 uL/mg of septic muscle (n=11). The extracellular 
space was 0.36+0.015 wL/mg of normal muscle (n=7) and 
0.33 + 0.025 uL/mg of septic muscle (n= 5). 

Results are presented as the mean+ SEM. Wilcoxon’s nonpara- 
metric test for paired differences was used for statistical compari- 
sons. 
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Table 3.—Effects of a-Ketoisocaproic Acid on 
Protein Degradation in Muscles From Septic Rats* 


Protein Degradationt 


KIA EDL SOL 
— 0.599 + 0.020 — 0.596 + 0.028 
0.5 mmol/L | +0.613 + 0.024 +0.578 + 0.029 
NS NS 
— 0.498 + 0.020 — 0.517 + 0.032 
ERPE | +0.493+0.013 +0.465+0.021 
NS — 1096 
P<.05 P«.05 
— 0.586 + 0.027 — 0.538 + 0.032 
2.5 mmol/L | +0.594+0.026 +0.539 + 0.047 
NS NS 
— 0.586 + 0.008 — 0.651 — 0.037 
5.0 mmol/L | +0.531+0.014 +0.558 + 0.042 
NS NS 













Table 4.—Effects of Leucine and a-Ketoisocaproic Acid on 
Protein Degradation in Soleus Muscles From Sham- 























*Results are from seven to nine paired observations at each concentration 
of a-ketoisocaproic acid. KIA indicates a-ketoisocaproic acid; EDL, extensor 
digitorum longus muscle; SOL, soleus muscle; and NS, not significant. 

tValues expressed in micromoles of tyrosine per gram of wet weight per 
two hours. 


RESULTS 


Addition of leucine to incubated muscles from untreated 
normal rats increased protein synthesis by 40% to 50% at a 
leucine concentration of 0.5 mmol/L (Table 1). Protein 
degradation in normal muscle was reduced by about 20% at 
a leucine concentration of 1.0 mmol/L (Table 1). Leucine 
increased protein synthesis in septic muscle as well, but not 
until the extracellular concentration of leucine was in- 
creased twofold above the level that increased protein 
synthesis in normal muscle (Table 2). Protein breakdown in 
septic muscles was not affected by leucine at any of the 
concentrations tested, ie, up to 5 mmol/L (Table 2), 

The protein degradation rate in stretched SOL muscles 
from septic rats was 0.428 + 0.055 pmol of tyrosine per gram 
of wet weight per two hours when incubated in the absence 
of leucine and 0.431 + 0.039 umol of tyrosine per gram of wet 
weight per two hours when incubated with 5 mmol/L of 
leucine (n=6, difference not significant). 

When KIA was added to normal muscles at a concentra- 
tion of 0.5 mmol/L, proteolysis was reduced from 
0.277+ 0.018 to 0.244+0.011 umol of tyrosine per gram of 
wet weight per two hours in EDL muscles ( — 1296, P<.05) 
and from 0.405 + 0.018 to 0.335 + 0.013 umol of tyrosine per 
gram of wet weight per two hours in SOL muscles (— 17%, 
P<.05; seven paired observations for each muscle). In 
septic muscle, KIA did not affect protein degradation at any 
concentration tested except in SOL muscle, where protein 
degradation was reduced by 1096 at a KIA concentration of 
1.0 mmol/L (Table 3). This finding was not duplicated at 
higher concentrations of KIA. 

In addition to sepsis, the present experimental model 
(CLP) includes two other components that may affect 
protein turnover, ie, trauma (laparotomy) and fasting. 
Separate experiments were therefore performed to deter- 
mine if these factors contributed to the impaired response 
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Operated, Fasted Rats* t 
Concentration Leucine KIA 
ND — 0.502 + 0.020 
0.5 mmol/L ND +0.528 + 0.013 
A NS 
— 0.398 + 0.028 — 0.523 + 0.024 
T 0.370 7 0.025 - 0.497 + 0.031 
1.0 mmol/L — 796 NS 
P<.02 e 
— 0.497 + 0.022 — 0.520 + 0.024 
T 0.394 + 0.017 - 0.458 + 0.013 
2.5 mmol/L — 2196 — 1296 
P<.05 P<.02 
— 0.442 + 0.025 —0.500+0.031 | 
+0.361+0.015 +0.424+0.029 
5.0 mmol/L — 18% — 1596 
P<.02 P<.05 





*Results are from seven paired observations at each concentration of 
leucine or a-ketoisocaproic acid. KIA indicates a-ketoisocaproic acid; ND, 
not determined; and NS, not significant. Degradation values are expressed in 
micromoles of tyrosine per gram of wet weight per two hours. 


Table 5.—Effects of Leupeptin on Protein Degradation 
in Normal and Septic Soleus Muscles* 
Soleus Muscle 


Leupeptin Normal 
—0.356+0.014 
+0.282 + 0.004 


— 0.576 + 0.013 
+0.418 +0.020 


30 pmol/L 





*Results are from seven paired observations in both normal and septic 
soleus muscles. Degradation values are expressed in micromoles of tyrosine 
per gram of wet weight per two hours. 


to leucine and KIA found in septic muscles. When leucine 
was added at a concentration of 0.5 mmol/L to incubatedy~ 
SOL muscles from sham-operated rats that had been fasted 
for 16 hours (n=7), protein synthesis increased from 
0.174+0.011 to 0.237--0.019 umol of phenylalanine per 
gram of wet weight per two hours (+ 36%, P<.02). Protein 
degradation was significantly reduced by all leucine concen- 
trations tested in vitro (Table 4), although the response at 
1.0 mmol/L was less pronounced than was found in muscles 
from untreated normal rats (compare with Table 1). 
a-Ketoisocaproic acid reduced protein degradation in SOL 
muscles from sham-operated fasted rats, but not until the 
concentration of the substance in the incubation medium 
was increased to 2.5 mmol/L (Table 4). 

When leupeptin, an inhibitor of lysosomal proteases,” . 
was added to the incubation medium, protein degrada- 
tion was reduced both in normal and septic SOL muscles 
(Table 5). 

The intracellular concentration of leucine in incubated 
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Table 6.—Intracellular Leucine Concentration in Soleus 
Muscles From Untreated, Normal Rats and From Septic 
Rats* 

Intracellular Leucine, mmol/L 


Extracellular 
Leucine, mmol/L 


0.5 


Normal Muscles 
0.45+0.017 
0.86 + 0.084 


Septic Muscles 
0.54 + 0.030 
0.98 + 0.047 


2.5 1.33 0.110 1.44 + 0.029 





2.910.110 2.81 +0.100 


*Results are from six muscles at each leucine concentration, for both 
normal and septic muscles. The muscles were incubated for one hour in the 
presence of various concentrations of leucine in the incubation medium. 


^ 


' SOL muscles was equal to the extracellular concentration 


e 


at 0.5 mmol/L (Table 6). At higher leucine concentrations, 
intracellular levels were 60% to 80% of the extracellular 
concentrations. There were no significant differences in 
intracellular leucine concentrations between normal and 
septie muscles at any leucine concentration tested (Table 6). 


COMMENT 


The present results of increased synthesis and decreased 
degradation of protein following administration in vitro of 
leucine or KIA to incubated, normal skeletal muscles are in 
accordance with previous reports.**"^? The mechanisms by 
which the effects on protein turnover are exerted are not 
fully known, but stimulation of protein synthesis and inhibi- 
tion of protein breakdown probably occur via different 
! mechanisms. Thus, protein synthesis was accelerated by 
intracellular accumulation of leucine itself, while trans- 
amination of leucine to KIA was required for the effect on 
muscle proteolysis."" 

Although a regulatory effect of leucine on muscle protein 
metabolism was evident in several previous studies,” not 
all investigators agree. McNurlan et al” found no evidence 
for inereased muscle protein synthesis in normal rats 
following administration of leucine in vivo, and Chang- 
Hong and Layman” could not demonstrate a reduced pro- 
tein breakdown by leucine in incubated normal EDL and 


. SOL muscles. 


f 


3- 


The present study tested the hypothesis that leucine and 
KIA regulate protein turnover in septic muscle. The results 
demonstrated that protein synthesis was stimulated by 
leucine, but only when the concentration of the amino acid 
was higher than that needed to affect protein synthesis in 
normal muscle, despite the fact that intracellular concen- 
tration of leucine was not different between normal and 
septic muscles. Protein breakdown in septic muscle was 
unaffected by leucine and KIA, even at extracellular con- 
centrations as high as 5 mmol/L. Results from the experi- 
ments in which muscles from sham-operated fasted rats 
were incubated indicate that some of the impairment of the 
response to leucine and KIA was due to the trauma and 
fasting, which were part of the present septic model, but 
the complete unresponsiveness of protein degradation to 
these substances was specific for the septic muscles. 

To the best of our knowledge, the effects of leucine and 
KIA on protein turnover in septic skeletal muscle have not 
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been previously reported. When leucine was tested in other 
catabolic conditions, the results were inconsistent. Leucine 
in vitro enhanced the reduced protein synthesis in dia- 
phragms from diabetic rats* and inhibited the accelerated 
protein breakdown in incubated muscles from starved 
rats." In other studies, however, leucine did not affect the 
reduced protein synthesis? or the increased protein break- 
down in skeletal muscle, during prolonged starvation? or 
following thermal injury." When KIA was added to incu- 
bated muscles from burned rats, proteolysis was inhib- 
ited.” 

Previous studies demonstrated that the basal protein 
turnover rate and the response to different stimuli may vary 
if muscles are incubated in a stretched rather than flaccid 
state.® In the present study, most experiments were per- 
formed with unstretched muscles. In one experiment, 
however, SOL muscles from septic rats were incubated in a 
stretched state, and results showed that protein degrada- 
tion was unaffected by 5 mmol/L of leucine. Thus, it is not 
likely that the impaired regulation of protein turnover in 
septic muscles occurred because muscles were incubated in 
a flaccid state. 

We recently found that amino acid uptake was reduced in 
septic skeletal muscle.* Thus, another reason why the 
response of protein turnover to leucine was impaired in 
muscles from septic animals could be reduced cellular 
uptake, resulting in decreased intracellular concentration 
ofthe amino acid. However, when muscles were incubated in 
the presence of different leucine concentrations, the in- 
tracellular levels of the amino acid were similar in normal 
and septic muscles, indicating that the differences in the 
effects of leucine on protein metabolism were not due to 
different intracellular leucine concentrations. Since com- 
partmentalization of intracellular amino acids is well 
known,” and since we measured the total intracellular 
leucine concentration, the possibility exists that the con- 
centration of leucine was reduced in some intracellular 
pool(s) of septic muscles critical for the regulation of protein 
turnover. Considering the high concentrations of leucine 
used, this explanation seems unlikely. 

Another possible reason why leucine or KIA did not 
reduce protein breakdown in septic muscle, not even at very 
high concentrations, could be that the septic insult was 
severe enough to destroy all mechanisms responsible for 
regulation of proteolysis. This was probably not the case, 
however, since leupeptin reduced protein degradation to a 
similar extent in normal and septic muscle, suggesting that 
at least the lysosomal proteases cathepsin B and L are 
subjected to control mechanisms in septic muscle.” 

Improved nitrogen balance (albeit small differences) and 
plasma amino acid pattern were demonstrated in septic and 
traumatized patients and animals during infusion of BCAA- 
enriched solutions.” In most of these reports, the results 
were interpreted as indicating inhibited muscle proteolysis 
and/or stimulated protein synthesis. Although the present 
results are from in vitro experiments only, they may 
suggest that improved nitrogen balance by BCAA-enriched 
solutions in previous studies was not caused by reduced 
protein breakdown but probably reflected increased protein 
synthesis in muscle or other tissues, such as hepatic tissue. 
This interpretation was supported by the results in some of 
the aforementioned studies in which urinary excretion of 3- 
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methylhistidine was unchanged concomitant with improved 
nitrogen balance.” In a recent study, plasma concentra- 
tions of short-turnover proteins were elevated in septic 
patients receiving high-leucine solutions, suggesting in- 
creased hepatic protein synthesis." When leucine was in- 
fused in nonobese and obese subjects during prolonged 
fasting, nitrogen balance improved but excretion of 3- 
methylhistidine was unchanged," further supporting the 
concept that leucine affects protein synthesis and not 
degradation in catabolic conditions. This point of view, 
however, can be adopted only if one accepts that urinary 3- 
methylhistidine reflects skeletal muscle protein break- 
down, a point of view admittedly controversial.” 

Infusion of KIA reduced nitrogen excretion in obese 
subjects undergoing prolonged fasting, whereas leucine did 
not have the same effect." In another study, infusion of 
KIA, but not of leucine, improved nitrogen balance and 
reduced urinary excretion of 3-methylhistidine in post- 


operative patients, possibly reflecting decreased muscle 
protein breakdown.” The effects of KIA infusion during 
sepsis have not been reported, but we recently found that 
infusion of an amino acid solution enriched with KIA did not 
reduce muscle proteolysis in septic rats (P-O.H., R. La- 
France, PharmD, P. Pedersen, MD, J.E.F., unpublished 
data, 1987). 

The present study confirmed previous reports of a regula- 
tory role of leucine and KIA on protein turnover in normal 
skeletal muscle. In contrast, the response to these sub- 
stances was impaired or absent in skeletal muscle from 
septie rats. Although the present study comprised in vitro 
experiments, it may help explain why administration of 
leucine and other BCAA to septic patients has shown 
marginal efficacy at best. Further studies are required to 
elucidate the mechanism of altered response to leucine and 
KIA in septic muscle. 
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Anaphylatoxin Formation in Sepsis 


Anders Bengtson, MD, Mats Heideman, MD, PhD 


e Complement activation and anaphylatoxin formation were 
studied in 27 septic patients. The patients were treated with 
antibiotics and high-dose corticosteroids. Blood samples 
were drawn on admission and every week thereafter. Plasma 
levels of complement components C1INH, C3, C4, and C5 were 
low before the start of treatment but were above normal one 
week later in both successfully and unsuccessfully treated 
patients. In contrast, plasma levels of anaphylatoxins C3a/ 
C3a,,,,, and C5a/C5a,,,,,, were elevated on admission. After 
successful treatment, plasma levels of C3a/C3a,,,,,, and C5a/ 
C5a,,,4,, returned to normal within one week. Nine patients had 
ongoing sepsis one week after the start of treatment and a 

‘persistent rise in anaphylatoxin concentration. They devel- 
oped multisystem organ failure with respiratory, hepatic, and 
renal insufficiency. In vitro studies of Escherichia coli 
incubation in fresh serum indicated a dose-related formation 
of C3a/C3a,,,,,, and C5a/C5a,,,4,,- High concentrations of meth- 
ylprednisolone inhibited the anaphylatoxin formation in vitro. 

(Arch Surg 1988;123:645-649) 


ireulatory shock, development of multisystem organ 
failure (MSOF), and death are complications seen in 
association with sepsis.' The sepsis syndrome is one of the 
most frequent conditions associated with the development 
of adult respiratory distress syndrome (ARDS).* Cardio- 
vascular collapse might be mediated by circulating toxic 
substances.? Various vasoactive substances, such as cate- 
cholamines, histamine, and serotonin, appear in increased 
. concentrations in the blood during septic conditions.* In- 
\ volvement of the cascade systems with activation of 
` fibrinolysis and clotting have been suggested as possible 
mechanisms behind these phenomena. Factor XIII, anti- 
thrombin III, fibrinogen, immunoglobulins, and split prod- 
ucts such as complement factors C3 and C5 occur in septic 
shock.®* Fibrin trapping in the pulmonary circulation is one 
possible explanation for respiratory failure in these situa- 
tions. Inereased pulmonary vascular resistance, pulmonary 
artery pressure, and total peripheral vascular resistance 
have been reported in association with sepsis."" A patho- 
physiological role of complement activation in these clinical 
situations has also been discussed.* 

When the complement cascade is activated, anaphylatox- 
ins are released. Immune complexes or bacteria will acti- 
Tr vate the classic pathway.*" Alternative pathway activation 

can be initiated by foreign material such as gram-negative 
bacteria or tissue altered by heat, mechanical trauma, or 
hypoperfusion. "? 

Anaphylatoxins increase vascular permeability, enhance 
smooth-muscle contraction, and release histamine from 
mast cells.“ They are highly potent chemotactic factors 
and are of prime importance to resistance against infec- 
tion.” Anaphylatoxins C3a and C5a are inactivated by 
removal of an arginine residue. The anaphylatoxin inac- 
tivator, also referred to as serum carboxypeptidase B, 
serum carboxypeptidase N, or kininase I, cleaves off the C- 
terminal basic amino acid of anaphylatoxins.” Inactive as an 
anaphylatoxin, C5a,,,,, retains the ability to stimulate 
neutrophils.” 
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Patients with septic shock or developing MSOF have been 
treated with high-dose corticosteroids. Reports indicate 
that steroids may be beneficial in the treatment of ARDS 
associated with septic shock or severe trauma.” However, 
the mechanisms behind these positive effects are not fully 
understood. 

This study was designed to evaluate the role of released 
anaphylatoxins in patients with sepsis and to determine 
whether methylprednisolone influences complement ac- 
tivation and anaphylatoxin formation in vitro. 


PATIENTS AND METHODS 
Patients 


Twenty-seven septic patients (mean age, 63.3 years; range, 
23 to 82 years) were examined. The criteria for sepsis were as 
follows: (1) two positive blood cultures; (2) leukocytosis of more 
than 15 x 10°/L (15 000 cells/mm?) or leukopenia of less than 5 x 10*/L 
(5000 cells/mm?); (3) thrombocytopenia of less than 130 x 10°/L 
(130 000 cells/mm‘); and (4) elevated temperature (>38.5°C). 

In 15 patients the septic foci were located in the abdomen. 
Additional complications included urosepsis (n=7), pneumonia 
(n=3), wound infection (n= 1), and finger phlegmon (n=1). 

All patients received a single dose of methylprednisolone sodium 
succinate (30 mg/kg of body weight). Antibiotics were given 
according to the results of sensitivity tests. Patients with intra- 
abdominal abscesses were treated by surgical intervention and 
volume substitution with plasma, human albumin, and dextran 70. 
Urine production was maintained by infusion of dopamine hydro- 
chloride. Twenty of the 27 patients received dopamine for more 
than 24 hours. Bacteria were detected in samples from blood 
cultures, urine, drainages, and wounds (Table 1). 


Methods 


Arterial blood was drawn on admission to the intensive care unit, 
before treatment was started, at weekly intervals thereafter, and 
before and after surgical intervention. Complement variables were 
monitored every week. The samples were immediately placed in 
tubes with edetic acid for plasma or without edetic acid for serum. 
The tubes were centrifuged to remove the cells, and the plasma or 
serum samples were kept at minus 80°C until complement activity, 
complement concentrations, or activity of anaphylatoxin inac- 
tivators were determined. The complement components CIINH, 
C3, C4, and C5 were determined with a rocket immunoelectro- 
phoresis technique.” The plasma concentrations of C323/C32,,.4., 
and C5a/C5a,,,, antigens were determined with the radioim- 
munoassay method described by Wagner and Hugli.” The concen- 
trations of these components in our standard plasma did not differ 
from those in a known reference plasma. The activity of ana- 
phylatoxin inactivator in the serum was determined according to 
the method of Corbin et al.” The standard deviation of 27 dupli- 
cate determinations of CIINH, C3, C4, C5, C3a/C3a,,,,,, and 
C5a/C5aaesarg Was less than 6% of the mean; of the anaphylatoxin 
inhibitor, less than 846 of the mean. 


Patient Studies 


Nine patients had ongoing sepsis one week after admission. 
Multisystem organ failure was defined by Fry and coworkers' as 
failure of two or more vital organ systems; pulmonary failure, as 
hypoxemia requiring respirator-assisted ventilation for five or 
more days; and renal failure, as a serum creatinine level higher 
than 176 wmol/L (1.99 mg/dL) and, in patients with preexisting 
renal disease secondary to intrinsic renal causes, doubling of the 
admission creatinine level. Hepatic failure was defined as a serum 
bilirubin level greater than 34 pmol/L (2.0 mg/dL) with elevation of 
alanine aminotransferase (ALT) levels twice the normal values. 
Stress gastrointestinal tract bleeding was defined as substitution 
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Diagnosis Blood Culture 


Britains, Escherichia coli 
Pneumonia S aureus 

58 Pyelonephritis E coli 
Abdominal abscess Klebsiella, SA 


Pyelonephritis E coli 





Abdominal abscess 





74 Pyelonephritis E coli 

75 Abdominal abscess S aureus 

68 Abdominal abscess Pseudomonas 

28 Abdominal abscess S epidermidis 

72 Cholangitis E coli 

71 Cholangitis Pseudomonas, SA 


Pyelonephritis E coli 


Abdominal abscess S aureus 


68 Abdominal abscess Pseudomonas 

71 Abdominal abscess Pseudomonas, SA 

63 Abdominal abscess S aureus 
Abdominal abscess Pseudomonas 
Abdominal abscess Klebsiella, E coli 
Pyelonephritis E coli 
Cholangitis E coli, enterococci 
Pyelonephritis E coli 

82 Abdominal abscess S aureus 


*SA indicates group A B-hemolytic streptococci. 


of 2 units of blood within a 24-hour period for presumed stress 
bleeding or as endoscopic or surgical confirmation of upper gastro- 
intestinal tract hemorrhage secondary to acute gastric ulceration. 


In Vitro Methods 


Escherichia coli cultures (O6K13 strain of viable E coli) were 
incubated in fresh human serum from seven individuals at 37°C for 
15 minutes in different concentrations. The amounts of bacteria 
incubated were 10°, 10’, and 10° E coli per milliliter of serum. 
Incubation was also performed with different concentrations of 
methylprednisolone. Methylprednisolone sodium succinate was 
added to the serum in doses of 0, 0.1, 1.0, and 5.0 mg/mL of fresh 
human serum 30 minutes before incubation with bacteria. 

The next step involved the addition of 7.2 mg of edetic acid to 
5 mL of the serum after incubation with E coli. The tubes were 
kept at minus 80°C until the concentrations of C3a and C5a 
antigens were determined. The assays were performed in dupli- 
cate. The standard deviation of duplicate determinations of 
C3a/C32,,,,., and Cda/C5a,..4,, was less than 6% of the mean. 


Statistical Analysis 


Mean values and standard errors of the mean were calculated 
with standard methods. Fisher's test was used for comparison of 
groups and correlation studies.” Differences are described as 
significant when the P value is less than .05. The least-squares 
linear regression test was used for correlation studies.” 


RESULTS 


Hematologic variables, namely, levels of bilirubin, aspar- 
tate aminotransferase (AST), ALT, and creatinine, as well 
as the leukocyte count, platelet count, and fraction of 


646 Arch Surg— Vol 123, May 1988 


XX a CS eS Pe ae PUT Seve 
di: - * + A 


Table 1.—Results of Bacteriologic Cultures From Septic Patients* 


Phlegmon 
Wound infection Enterococci 


S E enterococci 





Pneumonia S aureus, E coli 


T7 uec 





Wound Urine 






S aureus 







E coli 
mp ae Klebsiella, 
ae epidermidis S epidermidis 






E coli 





S epidermidis, enterococci 

















E coli 
S aureus 
Pseudomonas 
S epidermidis 
E coli E coli 
Pseudomonas, SA 

E coli 





S aureus S aureus 













Pseudomonas 

E coli E coli 

S aureus, Pseudomonas S epidermidis 

Pseudomonas 

Klebsiella Klebsiella, E coli 
E coli 

E coli E coli, Pseudomonas 
E coli 

S aureus 





inspired oxygen, were measured (Table 2). 

Nine of the 27 patients developed MSOF, while the 
remaining 18 patients recovered without complications. The 
reasons for failure of the initial treatment were extensive 
abscesses in the abdomen due to pancreatitis (n=2), in- 
fected aortic graft (n=1), intestinal anastomosis insuffi- 
ciency (n= 2), wrong initial antibiotic choice in patients with 
pyelonephritis (n = 2), and severe pneumonia (n= 2). Four of 
the MSOF patients died. Before the start of treatment, the 
bilirubin, AST, ALT, and creatinine levels were elevated in - 
both groups of patients (P<.05). In patients successfully 
treated, these values returned to normal within one week. 
In patients who developed MSOF, at least two of the three 
symptoms, ie, respiratory, hepatic, and renal dysfunction, 
progressed during the first week after admission. These 
patients had higher bilirubin, AST, ALT, and creatinine 
levels. 

Twenty-one of the 27 patients had a leukocytosis 
with an average leukocyte count of 19.9+4.6x10°/L 
(19900--4600/mm?) at the start of treatment. One 
week later, the mean leukocyte count had decreased to 
12.7 €2. 1x 10%L (12 700 + 2100/mm?) (P<.05). Six patients 
had constant leukopenia throughout the first week. These 
levels returned to normal in successfully treated patients 
(P<.05) but remained decreased in patients with MSOF. 

All patients initially had an increased oxygen require- 
ment compared with that of healthy control subjects 
(P<.05). The fraction of inspired oxygen requirement re- 
turned to normal within one week in successfully treated 
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Table 2.—Hematologic Variables in Septic Patients* 


Bilirubin, Creatinine, 
pmol/L AST, ALT, u.mol/L 
(mg/dL) U/L U/L (mg/dL) 





Normal range 3.4-21 (0.2-1.2) «0.7 






50-115 (0.6-1.3) 


182-43 (2.1+0.5) 
187 —-38 (2.1+0.4) 
115-19 (1.3+0.2) 


223-29 (2.5+0.3) 
238-29 (2.7 — 0.3) 
251-43 (2.8 0.5) 


Leukocyte 
Count, 
x 10?/L 


(per mm?) 
4.0-10.0 (4000-10 000) 


17.6 3.4 (17 600 +3400) 
21.5+3.4 (21500 +3400) 
11.4+3.4 (11400 +3400) 


21.4+4.3 (21400 + 4300) 
19.7 -3.8 (19700 +3800) 
16.7+5.3 (16700 +5300) 


Platelet 
Count, 
x 109/L 


(per mm?) 
150-400 (150000—400 000) 


114-23 (114000 + 23000) 
88+23 (88000 + 23000) 
345+32 (345000 32000) 


98--23 (98000 + 23000) 
65+14 (65000 + 14000) 
65 -- 13 (65000 + 13000) 


Patients successfully 
treated (n= 18) 
On admission 
to the ICU 23-9 (1.3-:0.5) 22+1.1 08202 
After three days — 318 (1.8— 0.5) 1.5+03 208-03 
After seven days 12-4 (0.70.2) 0.8-03 205-02 
Patients developing 
MSOF (n- 9) 
On admission 
to the ICU 34-14 (2.0+0.9) 1.6-0.3 039-02 
After three days 84-12 (49+0.7) 12-02 1.0+0.2 
ae After seven days 71-12 (4.2+0.7) 13+04 1.2+0.3 


*AST indicates aspartate aminotransferase; ALT, alanine aminotransferase; ICU, intensive care unit; and MSOF, multisystem organ failure. Values are 


expressed as the mean + SEM, unless indicated otherwise. 


Table 3.—Complement Variables in Septic Patients* 
C3adesarg 


1084-1736 244-660 


Normal range 


Patients successfully 
treated (n= 18) 
On admission 
to the ICU 


One week after 
admission 


Patients developing MSOF 


1062+33 


1826+214 507 + 28 


V" (n- 9) 


~ 


On admission 
to the ICU 


One week after 
admission 


1099 + 101 316+42 


26+4 1894 + 168 561 —- 49 


78-162 108-204 





92-8 713+ 160 

158+ 24 184+ 20 5x1 463 + 84 
101 «10 858 + 81 12-2 412 7 86 
145+10 996+ 178 15+4 486+72 


*Al indicates anaphylatoxin inactivator; ICU, intensive care unit; and MSOF, multisystem organ failure. Values are expressed as the mean + SEM, unless 


indicated otherwise. 


patients but continued to increase in patients with ongoing 
sepsis or MSOF development. 

Complement components C1INH, C3, C4, and C5 and 
anaphylatoxins C3a/C3a,..4,, and C5a/C5a,,,4,, Were moni- 

_tored in patients with sepsis (Table 3). These plasma 
variables were correlated to development of MSOF. Con- 
centrations of CIINH, C3, C4, and C5 were low on admis- 
sion to the ICU, but one week later the levels were above 
the normal range in both the successfully treated and 
unsuccessfully treated patients (P<.05). One week after 
the start of treatment, plasma levels of CIINH, C3, C4, and 
C5 were not significantly higher in those patients success- 
fully treated than in patients with ongoing sepsis or MSOF 
development (P<.05). On admission, plasma levels of C3a/ 
C3a,4,4,, and C5a/C5aaesarg were elevated in septic patients 
compared with those of healthy control subjects (P<.001 
and P<.05, respectively). After successful treatment of 
infections, plasma levels of anaphylatoxins returned to 
normal within seven days. In patients with ongoing bac- 
teremia, the anaphylatoxin concentrations remained ele- 
vated and even increased to higher levels. 

In vitro studies revealed that incubation of E coli in 
different concentrations gave a dose-related release of both 
C3a/C3a4,,,.,, and C5a/C5assarg (Fig 1). In addition, the 
presence of methylprednisolone reduced the amounts of 
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anaphylatoxins released in a dose-related fashion (Figs 2 
and 3). 


COMMENT 


The present study indicates that the complement cascade 
is activated and that anaphylatoxins are released in septic 
patients. In aecordance with reports by other authors, no 
correlation was found when the levels of the anaphylatoxins 
and respiratory, hepatic, or renal dysfunction on admission 
were compared.* Persistent elevation of the anaphylatoxins 
was, however, strongly correlated with development of 
MSOF. Studies by Weinburg and coworkers’ have earlier 
demonstrated elevated plasma levels of C3a/C3aasar and 
C5a/C5a,..4,, in patients in whom sepsis is suspected. In the 
present study, the incidence of MSOF development was 
33%. Kaplan and coworkers” studied 86 patients with 
gram-negative sepsis and found ARDS in 23946 of them, 
while Fein and associates? found an incidence of 18% in their 
series of septic patients. The components C1INH, C3, C4, 
and C5 were elevated one week after the start of treatment 
in both MSOF patients and successfully treated patients. 
These results may be explained by increased synthesis of 
these components, and the findings are consistent with 
those of other studies. Another possible method to mea- 
sure complement activation is to determine C3- and C5-de- 
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Fig 1.—Dose-related anaphylatoxin C3a/C3asssag (solid circles) 
and C5a/C5a,,.4,, (open circles) release during incubation of differ- 
ent amounts of Escherichia coli in fresh human serum at 37°C for 15 
minutes. 


rived products. For example, the C3d/C3 ratio has been 
found to correlate with development of ARDS after 
trauma.” Product C5a, when measured as polymorphonu- 
clear aggregation activity, has also been found to be 
positively correlated to the risk for development of ARDS 
after trauma and sepsis.” 

The consequences of complement activation can be both 
beneficial and detrimental to the host. One important 
beneficial effect is opsonization of bacteria with C3b and 
C3bi, which enhances neutrophil phagocytosis through 
interaction with cell surface C3b (CR1) and C3bi (CR3) 
receptors.” The anaphylatoxins cause increased vascular 
permeability, smooth-muscle contraction, and histamine 
release.” Increased vascular permeability leads to exuda- 
tion of protein-rich fluid from damaged capillaries, result- 
ing in pulmonary, hepatic, and renal edema. Both C5a and 
Cda,..4-, are chemotactic factors,” and these products bind 
to neutrophils and increase their stickiness, leading to 
formation of microaggregates." Having become lodged in 
the microvasculature, leukocyte microaggregates may in- 
jure the alveolar capillary membrane by releasing toxic 
oxygen radicals such as superoxide and hydrogen perox- 
idase.* It has also been suggested that exposure of the lung 
to prostaglandin E, increases the tissue susceptibility to 
complement-activated serum.” In addition, recent observa- 
tions indicate that intracoronary infusion of purified ana- 
phylatoxins causes tachycardia, impairment of atrioven- 
trieular function, coronary vasoconstriction, and histamine 
release.** This might be one explanation for the myocardial 
dysfunction that has been reported in association with 
septic shock.” 

Gram-negative bacteria activate both the classic and 
alternative pathways. The cell walls of gram-negative bac- 
teria contain polysaccharide components and lipid A, which 
activate the complement cascade. Lipid A is also able to 
bind Clq and initiate the classic pathway.” Polysaccharide 
chains and O-specific antigens activate the alternative and 
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Fig 2.—Different amounts of Escherichia coli in fresh human serum 
were incubated at 37°C for 15 minutes. Dose-related formation of 


anaphylatoxin C3a/C3a,,,,,, occurred and was significantly inhib- 
ited by methylprednisolone. Star indicates P<.05. 


E coli 
10*/mL of Serum 
4 E coli 
E 10"/mL of Serum 
2 
a E coli 
9 10°/mL of Serum 
0 0.1 1.0 5.0 0 0.1 1.0 5.0 0 0.1 1.0 5.0 


Methylprednisolone, mg/mL of Serum 


Fig 3.—Different amounts of Escherichia coli in fresh human serum 
were incubated at 37°C for 15 minutes. Dose-related formation of 
anaphylatoxin C5a/C5a,,,,,, occurred and was significantly inhib- 
ited by methylprednisolone. Star indicates P<.05. 


classic pathways, respectively.**’ Studies have demon- 
strated inhibition of complement activation via the classic 
as well as the alternative pathways in the presence of corti- 
costeroids.*** The corticosteroids also decrease the amount 
of prostaglandins released from stimulated cells.“ Chemo- 
taxis, cell adherence, and phagocytosis are functions that 
are impaired by glucocorticoids.“ Steroids have also been 
reported to inhibit vascular permeability changes in endo- 
toxic shock and prevent mitochondrial metabolic failure in 
endotoxemia.” 

Our in vitro study indicates that anaphylatoxins are 
formed when fresh human serum is incubated at 37°C with 
E coli. When pharmacologic doses of corticosteroids are 
added before incubation, the anaphylatoxin formation is 
reduced. The highest concentrations of methylprednisolone 
totally inhibit the formation of C3a/C3a,,,, and Cba/ 
C5aaesargs Which indicates that this inhibition acts on both 
the classic and the alternative pathways. The lowest concen- 
tration of methylprednisolone (100 mg/L of serum) used in 
the in vitro tests is, however, within physiologic ranges, and 


Anaphylatoxin Formation—Bengtson & Heideman 








U 


“tp 
+ 


this concentration also inhibits the formation of the ana- 
phylatoxins. However, it is impossible by our methods to 
determine if corticosteroids act by binding to native serum 
components, by interfering with the interaction of comple- 
ment and bacteria, or by inhibiting the alternative-ampli- 
fication convertase. Studies by Weiler and Packard“ dem- 
onstrate that methylprednisolone acts by inhibiting both 
the convertase and the ability to lyse cells through mem- 
brane stabilization. The average serum concentration of 
methylprednisolone used clinically in shock would, after 
infusion of 30 mg/kg, be approximately 20 mg/L.“ Our in 
vitro study also indicates that corticosteroids inhibit com- 
plement activation and anaphylatoxin formation even in the 
absence of leukocytes or other cells. Earlier studies have 
suggested that the main effect of cortisone in preventing 
ARDS is inhibition of granulocyte aggregation and the 
subsequent release of toxic oxygen radicals as well as cyclo- 
oxygenase metabolites.“ Although bacteria-mediated com- 


plement activation is inhibited in vitro, high-dose steroids 
did not abolish anaphylatoxin formation in vivo. Possible 
reasons may be that the influence of steroids is not ade- 
quately long-lived, that the therapy is not instituted early 
enough, or that treatment of the primary cause of sepsis 
was not efficiently treated. 

When sepsis is first suspected, assay of anaphylatoxin 
levels is not meaningful as patients developing MSOF and 
those successfully treated have the same degree of elevated 
anaphylatoxin activity on admission. Long-term monitor- 
ing of the circulating levels of C3a/C32,,,,., and C52/C52,..,,, 
may, however, be useful as a means of assessing the tend- 
ency of a patient to develop MSOF. 
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Clinical Notes 


Septic Complications of 
Hemorrhoidal Banding 


Gerardo Quevedo-Bonilla, MD; Anna M. Farkas, MD; Herand Abcarian, MD; 


Ernestine Hambrick, MD; Charles P. Orsay, MD 


e Rubber band ligation is an efficacious and cost-effective 
alternative to conventional hemorrhoidectomy for sympto- 
matic internal hemorrhoids. Even though the well-recognized 
complications of bleeding and thrombosis occur infrequently, 
far more serious septic complications have only recently been 
described, as evidenced in five of our patients: four cases were 
serious enough to necessitate surgical intervention, and one 
patient died. Pain followed by urinary dysfunction with or 
without toxic symptoms should alert the physician to the 
probability of localized perianal or systemic sepsis. Acute 
awareness of these rare but potentially life-threatening compli- 
cations and immediate aggressive treatment is mandatory if 
death is to be prevented. Rubber band ligation of internal 
hemorrhoids need not be abandoned; however, the indications 
should be clear, the technique mastered, and a close patient 
follow-up maintained. 

(Arch Surg 1988;123:650-651) 


pe band ligation of internal hemorrhoids was intro- 
duced by Blaisdell in 1958 and modified later by 
Barron’ in 1963. In comparison with hemorrhoidectomy, 
this procedure is less painful and as effective in the control 
of bleeding^* and hemorrhoidal protrusion?” in selected 
patients. Reported complications of rubber band ligation 
have consisted of pain, bleeding, thrombosis, prolapse, and 
urinary retention.* 

Recently, septic complications resulting from this proce- 
dure have been described in the medical literature.*'? This 
article reviews our experience with septic complications as 
sequelae of hemorrhoidal ligation. 
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REPORT OF CASES 


CASE 1.—A 30-year-old woman was seen ten days after undergo- 
ing rubber band ligation of three internal hemorrhoids under 
general anesthesia at another institution. She complained of 
perineal pain and pelvic pressure for five days following the 
banding procedure and returned to the emergency room of the 
same hospital with fever, dysuria, and malaise. A large, right- 
anterior "perianal abscess" was drained under local anesthesia, 
and the patient was sent home on a regimen of antibioties. At this 
time, the patient had profuse, purulent, fecal drainage through the 
vagina. Examination of the patient under anesthesia revealed a 
large rectovaginal fistula originating at the site of the right- 
anterior hemorrhoidal ligation. The abscess cavity was drained 
widely, the fistula débrided, and a sigmoid colostomy performed to 
help control the anorectal sepsis. The patient recovered without 
further complications; the rectovaginal fistula closed spon- 
taneously, and her colostomy was closed four months later. 

CASE 2.—4 27-year-old man underwent rubber band ligation of 
a right-anterior hemorrhoid (in the physician's office). Two days 
later, he complained of increasing pain and dysuria. At reexamina- 
tion, he was febrile (37.8°C [100°F]) and induration of the right- 
anterior anal quadrant was identified. He was hospitalized, started 
on an intravenous regimen of piperacillin sodium and metro- 
nidazole hydrochloride, and scheduled for surgery. During the 
ensuing four hours, the fever began to abate and the pain decreased 
considerably, and in eight hours the localized induration began to 
subside. Intravenous antibiotic administration was continued for 
three more days, resulting in complete resolution of symptoms. He 
was discharged on a regimen of oral metronidazole for ten days. 
Interestingly enough, the patient had had rubber band ligation of a 
left-lateral internal hemorrhoid three weeks previously with no 
complications. 

CasE 3.—A 39-year-old asthmatic male prisoner was admitted 
urgently to Cook County Hospital, Chicago, with fourth-degree 
hemorrhoids of several days’ duration. The patient underwent 
excision of the left-lateral and right-posterior hemorrhoidal plex- 
uses with rubber band ligation of the right-anterior hemorrhoid. 

Postoperatively, the patient complained of persistent perianal 
pain. He remained afebrile, although the serum leukocyte count 
gradually increased from 7.0 to 14.0 x 10*/L (7000 to 14 000/mm?). 
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Examination of the surgical site failed to reveal any evidence of 
suppuration until the sixth postoperative day, when a perianal 
abscess at the right-anterior position, the site of the rubber band 
ligation, was noted. Incision and drainage with the patient under 
local anesthesia were performed, and the patient was prepared for 
surgical exploration of the abscess cavity. Intravenous administra- 
tion of cefoxitin sodium was begun and continued for five days. The 
patient refused surgery and remained afebrile with a steadily 
decreasing white blood cell count. The perianal purulent drainage 
ceased and the induration resolved with local wound care and sitz 
baths. The patient was discharged from the hospital on the 16th 
postoperative day. 

CasE 4.—A 73-year-old man was seen for bleeding and prolaps- 
ing hemorrhoids. Flexible sigmoidoscopy to the upper descending 
colon revealed no complications except for large internal hemor- 
rhoids. A right-anterior hemorrhoid was ligated using a ligator 
(MeGivney ligator, Ford-Dixon, Dallas) Although he had only 
slight discomfort after the ligation, the patient called 72 hours later 
complaining of generalized malaise, urinary problems, and anal 
pain. He was reexamined and at anoscopy, a normal-appearing 
necrotic slough was seen within the rubber band, which was still in 
place. The patient was afebrile. There was no evidence of indura- 
tion or tenderness. Forty-eight hours later, the patient was admit- 
ted to a local hospital in septic shock accompanied by fever, 
hypotension, and urinary retention. He was resuscitated with a 
large volume of crystalloids and received massive doses of broad- 
spectrum antibiotics. A Foley catheter was inserted to relieve the 
urinary retention, and physical examination revealed cellulitis of 
the right perianal region. At surgery, no purulent material was 
found and the area of cellulitis was débrided widely. The patient did 
not respond to therapy and died of “irreversible shock” 24 hours 
after admission. At autopsy, there was no abscess or other form of 
infection, except for the cellulitis found at surgery. 

CasE 5.—A 63-year-old woman underwent outpatient lateral 
) internal sphincterotomy for severe anal stenosis. During surgery, a 
large left-lateral hemorrhoid was ligated to prevent postsphincter- 
otomy prolapse. Five days later, the patient had increasing pain 
and swelling of the left perianal area. Examination of the patient 
under anesthesia revealed the lateral sphincterotomy site to be 
healing normally; however, an intersphincteric abscess was begin- 
ning to form at the site of the banding. The rubber band was 
removed, the necrotie hemorrhoid was débrided, and an inter- 
sphincteric fistulotomy was performed. She was treated with in- 
travenous antibiotics for three days followed by one week of out- 
patient oral metronidazole therapy, after which she recovered 
fully. 


COMMENT 


Rubber band ligation has been reported by various 
authors to be a safe and effective treatment for sympto- 


matic hemorrhoids.!»:? The overall complication rate re- 
ported by some authors has been 3.5%,’ with bleeding and 
pain most frequently described. The incidence of bleeding is 
about 1%,” while pain has been reported to occur in 5% to 
75% of patients.“ Usually this pain lasts approximately 48 
hours after the procedure. 

Despite the presence of 10" bacteria (predominantly 
anaerobes) per gram of stool in the rectum, hemorrhoidal 
surgery has a surprisingly low infection rate." It is only 
recently that septic complications of rubber band ligation 
have been reported." 

The recognition of these complications requires an aware- 
ness of their early signs and symptoms. Pain, one of the 
most significant complaints, may also occur after improper 
application ofthe rubber band. Pain lasting more than three 
days after ligation has been reported in as many as 26% of 
patients." However, persistence or progression of pain is a 
common factor in all patients with septic complications, 
particularly in those cases resulting in death." 

Urinary retention and dysuria have been noted to be 
common presenting symptoms of impending perianal sep- 
sis, but these conditions may occur after even the most 
innocuous anorectal procedures. It is the combination of 
urinary retention, hesitancy, perineal pain, and systemic 
symptoms shortly after rubber band ligation of hemor- 
rhoids that should alert the physician to a potentially life- 
threatening condition requiring immedite evaluation and 
therapy." 

Inadequacy of the host immune defense mechanism has 
been implicated as a possible cause of sepsis." Although one 
of our patients had a history of intravenous drug abuse, 
there was no indication of immunosuppression. None of the 
other patients had any risk factors or other debilitating 
illnesses. 

A patient presenting with the aforementioned symptoms 
should be examined thoroughly, and anoscopy and proc- 
tosigmoidoscopy should be performed. If the pain is such 
that an adequate rectal examination cannot be performed, 
the patient should be taken to the operating room for an 
examination under anesthesia. Any abscess should be 
drained and all necrotic tissue must be débrided. 

Computed tomography, as suggested by Russell and 
Donohue,” should be done to rule out transmural extension 
of the septic process. Use of broad-spectrum antibioties, 
including adequate anaerobic coverage, is of the utmost 
importance. A colostomy may be necessary if the tissue 
necrosis extends beyond the rectal wall.” 
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Techniques 


The Scalp as a Donor Site in Burns 


Edmond A. Zingaro, MD; Angelo Capozzi, MD; Vincent R. Pennisi, MD 


è The scalp can be used as a donor site in the extensively 
burned patient. A series of 21 patients in whom this procedure 
has been performed, including up to 12 occasions in the same 
patient, is reviewed. No associated complications were en- 
countered. The technique of harvesting the split-thickness 
skin grafts in this area requires the use of Pitkin's syringe and 
Brown air dermatome. The advantages include the availability 
of a large donor site that is well concealed and heals rapidly. 
The anatomic basis of the advantageous characteristics of the 
scalp and the need for subgaleal injections of fluid to stabilize 
the scalp are reviewed. The occasionally more pressing need 
to use this area in the extensively burned child because of 
relative body surface area distributions is also noted. Ex- 
cessive blood loss, hypertrophic scarring, and the need for 
hair transplantation have not been noted. Complete hair re- 
growth has been experienced in nearly all cases. 

(Arch Surg 1988;123:652-653) 


ne of the problems faced by any surgeon caring for the 
extensively burned patient is the availability of ade- 
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Fig 1.—Anatomy of scalp. 
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quate donor sites. This lack of donor tissue may in some 
cases delay the grafting of adequately prepared recipient 
sites, thus delaying the overall recovery of the patient. 
Often the scalp is overlooked in a search for donor sites 
because of the surgeon's unfamiliarity with the use of this 
area, patient resistance, technical problems, and the fear of 
patient hair loss. 

The present series includes 21 patients. The ages ranged " 
from 2 to 63 years, with an average age of 23.9 years. The 
average percentage of total body burn was 58%, in all cases 
being mostly third degree in depth. The scalp was utilized 
as a graft donor site more than once in eight patients and up 
to 12 times in the same patient. Graft thickness varied from 
0.28 to 0.43 mm (0.011 to 0.017 in). 


ANATOMY 


Examination of the anatomy of the scalp will help in the 
understanding of its successful usage as a donor site (Fig 1). 
The sealp is a five-layered structure. The structure of 
importance in regards to this technique include the sub- 
aponeurotica, or galea aponeurotica, which lies above the 
periosteum, or pericranium. The galea is very loose and 
contains only a few small vessels. This loose areolar layer 


permits movement of the more superficial layers as a unit. X. 
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~ Fig 2.—Postoperative hair growth in patient who underwent scalp 
harvesting on 14 occasions. 


The subgaleal-fluid-injection technique prevents this move- 
ment of the overlying layers and at the same time presents a 
smooth surface that is advantageous to the technical feat of 
harvesting split-thickness skin grafts in this area. Overly- 
ing the galea is the subcutaneous tissue in which lie the 
extremely abundant superficial vessels and nerves. It 
should also be noted that in this layer the bases of the hair 
follicles can be found. The skin overlying the subcutaneous 
tissue is quite thick with a dense population of hair follicles 
and associated sebaceous and sweat glands. Thus, the 
important characteristics of this area include a thick der- 
mis, abundant epithelial appendages, excellent blood sup- 
ply, and subcutaneous location of the base of the hair 
follicles. 


TECHNIQUE 


A preliminary shaving is usually carried out at the time of 
admission to prevent infections in any patients with flame burns of 
the head and neck. We have found less patient resistance, par- 
ticularly in the women, when shaving is carried out at the initial 
tubbing procedure. At the time of surgery, the scalp is shaved and 
thoroughly prepared. The anterior hairline should be well marked, 
and care should be taken not to violate the hairline to avoid scarring 
and/or pigmentation changes of the forehead. With the use of the 
Pitkin syringe, large amounts of normal saline or lactated Ringer’s 
solution with epinephrine are injected into the loose areolar layer. 

As few of these spinal needle punctures as possible should be 
done to prevent leakage of the injected fluid from these sites. The 
Brown air dermatome has been used for harvesting these grafts. 
The amount of infiltrated fluid should be observed for calculation 
into the total fluid balance of the patient. Immediate measures for 
hemostasis include elevation of the head and the pressured applica- 
tion of epinephrine-soaked sponges. The dressing consists of a 
single layer of (Xeroform) gauze and sterile absorptive dressings 
affixed by expansile web dressing. The grafts have been applied in 
both mesh and sheet form. 


ADVANTAGES 


One of the qualifications of the scalp is a fairly substantial 
surface area, the head being 7% of the total body surface 
area of the adult. In children the head contributes a greater 
proportion, being 19% of the total body surface area in the 
newborn. This proportion is at the expense of the lower 
extremities, which are among the more preferred donor site 
areas. Thus it may be necessary to utilize the scalp more 
often in the burned child. For this reason we used the scalp 
in two lesser burns (30% and 35% total body surface area), 
both occurring in girls 2 and 4 years of age, respectively. 


Arch Surg— Vol 123, May 1988 





Fig 3.—Postoperative hair growth in patient who will need scalp 
reduction. 


The scalp also demonstrates rapid reepithelialization of the 
donor site.’ As demonstrated by the patient in whom scalp 
grafts were taken 12 times, this area may be repeatedly 
harvested. Additionally, the donor sites are completely 
concealed with regrowth of the patient’s hair. Successful 
postoperative hair regrowth was demonstrated in a 20-year- 
old patient who incurred a 75% total body surface area 
burn, sparing the head and scalp, in a gasoline fire (Fig 2). 
The patient underwent 14 operations, and on 12 sequential 
occasions the patient had portions or all of his scalp used as a 
split-thickness skin-graft donor site. In patients where 
reconstruction in the blush areas is necessary, these grafts 
hopefully would render a pleasing color match, although 
further clinical experience is needed in this regard.* 


COMPLICATIONS 


A word should be added concerning the potential difficul- 
ties and complications when using the scalp as a donor site. 
Bleeding is often excessive. With the use of the aforemen- 
tioned procedure, hemostasis without excessive blood loss 
has been achieved. However, without the use of the afore- 
mentioned precautions, the possibility of large blood losses 
is real. Hypertrophic scarring of the scalp and growth of 
hair in the grafts has yet to be encountered in this or in any 
other reported series.'? 

In contradistinction to the burned scalp, the harvested 
scalp has healed without significant infectious complica- 
tions in all cases. 

Finally, most patients had complete regrowth of hair 
postoperatively. This is thought to be attributed to the 
depth of the hair follicles, indeed at a subdermal level, and 
to the thickness of the scalp. Two patients had delayed 
healing of several areas of the scalp. One area went on to 
heal with hair regrowth after a period of several months. 
One patient is undergoing scalp reduction to close the open 
areas, which are small and easily camouflaged by the rest of 
her hair (Fig 3). An additional patient developed a Serratia 
infection that was treated without problem. This patient 
has since been unavailable for follow-up. 
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[INCOMPARABLE Moss TUBES i 


(but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach's 


longitudinal folds mimic parallel segments of intestine. 
Effective 


Aspiration orifices may empty a single “Magenstrasse” Aspiration 
(figure A). Most swallowed air avoids suction, and is 

propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% Gastiin Siroaifis 


(Magenstrasse) 


Sites 


~inefficiency. A toll booth in the center of a wide highway 
cannot collect from traffic in the outer lanes. 
Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases 12-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse” the tube of occluding mucus. 


2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 
tion of feedings is less likely, but remains a risk. Minimal A. The functioning stomach subdivides into discrete" Magenstrasse". 

_g initial infusion (starvation) is manditory initially. Any tube can only evacuate the single gastric stream within which it lies. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
x-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest “enteral 
hyperalimentation" is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 





— 3. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
"suction buster" opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


~ 4, Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard" for optimum long term stability, tissue tolerance 


and biocompatibility. B. Study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 





655 


A Method for Repair of Aortic Dissection 
Originating in the Transverse Arch Using 


Two Sutureless Intraluminal Prostheses 


Eric Thompson, MD, Hartzell V. Schaff, MD 


e We present a method for repair of ascending aortic dissec- 
tions that originate in the transverse aortic arch. Thetechnique 
utilizes two sutureless intraluminal prostheses, which are 
joined together and inserted during hypothermic circulatory 
arrest. A diamond-shaped opening between the two grafts is 
anastomosed about the orifices of the brachiocephalic ar- 
teries. This method affords the advantage of excluding the 
intimal tear, thereby preventing further propagation of the 
dissection. Additionally, the method offers the time-saving 
advantage of the sutureless prosthetic rings for the proximal 
and distal anastomoses. 

(Arch Surg 1988;123:656-659) 


eiae dissection of the thoracic aorta is a cata- 
strophic disease that, if untreated, is associated with a 
50% mortality within 24 hours of onset and a cumulative 
90% mortality within a few months after the event.’ 
Management of patients with acute aortic dissection de- 
pends on the location and extent of the intramural dissec- 
tion. Aortic dissections were previously classified under a 
scheme proposed by DeBakey, but more recently, the 
simple and descriptive terms ascending (DeBakey types I 
and II, Stanford type A) and descending (DeBakey type 
III, Stanford type B) dissection have gained favor.** Al- 
though controversy about the need for urgent operative 
repair of descending aortic dissections remains, there is 
general agreement that patients with ascending aortic 
involvement should undergo early operation.*** 

In most instances of ascending aortic dissections, the 
entry site (intimal tear) of the intramural dissection is 
proximal to the origin of the innominate artery and will be 
excluded from the circulation during graft interposition. In 
some patients with ascending aortic dissections, an entry 
site in the ascending aorta is not identified, and the intimal 
tear is located in the transverse aortic arch or descending 
aorta.* A technique for repair of an acute ascending aortic 
dissection originating in the transverse aortic arch is de- 
tailed in the following illustrative case. 
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REPORT OF A CASE 


A previously healthy 46-year-old man experienced the sudden 
onset of severe substernal chest pain that radiated into his epi- 
gastrium. Evaluation in his home community did not support the 
original diagnosis of myocardial infarction, and on his fourth day in 
the hospital, a roentgenogram of the chest showed widening of the 
upper mediastinum with loss of the normal contour of the aortic 
knob (Fig 1). Acute aortic dissection was suspected, and the patient 
was transferred to our medical center. At evaluation, the patient 
appeared acutely ill and continued to have epigastric pain. Blood 
pressure was 150/98 mm Hg in the right arm and 134/88 mm Hg in 


the left arm. Femoral pulses were strong and symmetrical. Heart +/ 


sounds were normal, and no murmurs or gallops were noted. 
Results of the remainder of his physical examination were also 
normal. 

Aortography demonstrated an aortic dissection involving both 
ascending and descending portions of the thoracic aorta (Fig 2). 
The coronary ostia were normal, and there was no aortic valve 
insufficiency. The innominate, carotid, and subclavian arteries 
were perfused through the true aortic lumen. 

The patient underwent operative repair of the ascending aortic 
dissection. A median sternotomy was made, and an intramural 
hematoma was evident in the ascending aorta. Cardiopulmonary 
bypass was instituted using right atrial and right femoral artery 
cannulation, and a left ventricular vent was placed through the 


right superior pulmonary vein. Hypothermic perfusion to 18°C was ~ 


utilized. 

The adventitial layer containing the aortic dissection was ex- 
tremely thin, and aortic crossclamping was considered hazardous; 
therefore, the ascending aorta was opened via a longitudinal 
incision after instituting circulatory arrest. There was blood and 
fresh thrombus in the false lumen, and the dissection extended to 
but did not compromise the ostium of the right coronary artery. 
There was no entry site in the ascending aorta, so the aortotomy 
was extended along the anterior surface of the transverse aortic 
arch to a point just proximal to the origin of the left common carotid 
artery; here we identified a large intimal tear (Fig 3). Initially, we 
considered repair of only the ascending aorta, but the location and 
extent of the tear seemed favorable for the repair described below. 

The mediastinal pleura was opened, and the left lung was 
retracted upward. Next, a 24-mm intraluminal prosthesis was 
passed through the aortotomy into the descending aorta. The 
prosthesis was secured with two tape ligatures passed around the 
aorta and spool of the graft, which was positioned in the mid- 
descending thoracic aorta. The proximal portion of the graft was 


Aortic Dissection—Thompson & Schaff 





Fig 1.—Left, Initial chest roentgenogram wasbelieved to be normal. Right, Subsequent film demonstrates widening 


of upper mediastinum. 





2 





Fig 2.—Thoracic aortograms (left, anteroposterior; right, lateral) show dissection involving ascending aorta but 


sparing coronary arteries and aortic valve. 


excised, and a second intraluminal prosthesis was inserted in the 
ascending aorta. The proximal spool of this graft was secured with 
two tape ligatures placed just above the commissures of the aortic 
valve. The distal spool in this graft was removed, and a V-shaped 
segment was excised from each of the grafts. The grafts were 
sutured to one another, and the diamond-shaped orifice between 
the grafts along their superior aspects was sewn to the undersur- 
face of the aortic arch, incorporating that segment of the aorta from 
which the brachiocephalic arteries originated (Fig 4). Cardiopul- 
monary bypass was slowly resumed, and air was aspirated from the 
graft. The duration of circulatory arrest was 71 minutes. The edges 
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of the aorta were then approximated over the graft (Fig 5). 

After the operation, the patient made a slow but steady recov- 
ery. He was extubated on the third day after operation and 
dismissed on the 13th day after operation. An aortogram obtained 
before dismissal showed no periprosthetic leak and no evidence of 
true or false aneurysm formation. The brachiocephalic arteries 
were normal (Fig 6). The only postoperative complication was 
hoarseness, and indirect laryngoscopy identified left vocal cord 
paralysis. 

Six months after the operation, the patient was normotensive. 
He had been hospitalized on one occasion for treatment of depres- 
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Intimal Tear 


Intramural 
Hematoma 


Fig 3.—Ascending aortic dissection with intimal tear near origin of 
left subclavian artery (by permission of Mayo Foundation, Roch- 
ester, Minn). 
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Fig 5.—Completed repair of aortic dissection (by permission of 
Mayo Foundation, Rochester, Minn). 


` sion. At last follow-up, the patient had no evidence of cognitive 


dysfunction, and he was able to return to work. 
COMMENT 


The primary goal of surgical treatment of acute ascending 
aortic dissections is to prevent death from intrapericardial 
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26-mm 
Endoprosthesis 


Endoprosthesis 


Fig 4.—Repair of aortic dissection with two intraluminal prostheses 
and reimplantation of origin of brachiocephalic arteries (by permis- 
sion of Mayo Foundation, Rochester, Minn). 


rupture, severe aortic valve insufficiency, or occlusion of the 
coronary ostia. A second goal of the repair is to eliminate 
(by excision or exclusion) the intimal tear to prevent distal 
propagation of the dissection. For most patients with acute 


rm mem ST STF "T 


ascending aortic dissection, graft replacement of the as- ,, 


cending aorta alone, with or without aortic valve repair or 
replacement, will achieve both purposes, because the inti- 
mal tear is usually located in the ascending aorta. However, 
in approximately 1046 of patients the intimal tear is located 
in the transverse aortic arch, and appropriate management 
of these patients is controversial.'^^ 

For patients with acute ascending aortic dissections 
originating from a tear in the transverse aortic arch, Miller 
and colleagues*^ recommended only graft replacement of 
the ascending aorta. They found no statistically significant 
difference in operative morbidity or mortality, necessity for 
late reoperation, late functional result, or late mortality, 


whether or not the primary intimal tear was resected.* ~ 


However, of 53 patients with acute ascending aortic dissec- 
tions described by Miller et al, only seven had intimal tears 
in the aortic arch. With such a small number of patients it is 
difficult to make firm, statistically valid conclusions regard- 
ing the management of intimal tear.’ 

Replacement of only the ascending aorta in a patient with 
an ascending aortic dissection that originates in the trans- 
verse arch leaves the patient at risk for dissection into the 
arch vessels or distally along the descending aorta. Indeed, 
we have witnessed a postoperative death after repair of an 
ascending aortic dissection with the tear in the aortic arch; 
death was due to complications of visceral arterial insuffi- 
ciency, which resulted from the propagation of the dissec- 
tion along the descending aorta. This experience influenced 
us to use more extensive graft replacement in ascending 
aortic dissections that originate in the transverse aortic 
arch, as outlined in the present case. 
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Fig 6.—Postoperative aortograms (left, anteroposterior; right, lateral) 
show that graft repair is intact although distal aorta is diffusely enlarged. 


Several groups have reported good early and intermedi- 
ate results using intraluminal prostheses for the treatment 
of both atherosclerotic aneurysms and aortic dissections.*“ 
Advantages of this technique for acute dissections are 
twofold. First, the operative time for complex reconstruc- 
tion is minimized because the points of proximal and distal 
attachment are secured by tape ligatures rather than 
sutures. Second, the thin, friable wall of the aorta with 
intramural dissection is likely to bleed, and postoperative 
hemorrhage after insertion of the intraluminal prosthesis 
probably would be much less than that after anastomosis of 
a standard prosthetic graft. 

Additional flexibility in the use of intraluminal prostheses 
can be obtained by removal of one spool. In this way, the 
graft can be beveled for a standard sutured anastomosis, 
yet the potential advantages of ligature fixation are main- 
tained for the opposite end of the graft. The technique used 
in our patient demonstrates an additional method to gain 
flexibility with the intraluminal prosthesis. Two grafts with 
different diameters were used to fit the lumina of the 
ascending and descending aorta more closely. Also, 





anastomosis of two separate grafts increased the length of 
the graft. 

Hypothermic circulatory arrest provided good exposure 
of the descending and ascending aorta. Additional time was 
necessary for the anastomosis of the portion of the aorta 
containing the origin of the innominate, left carotid, and left 
subclavian arteries. The aorta was extremely friable, and 
the suture line was reinforced with a felt strip. It seems 
unlikely that a similar anastomosis could have been com- 
pleted using the standard techniques for attaching the graft 
to the proximal and distal aorta within a tolerable period of 
cerebral ischemia. 

The approach described appears to be a useful alternative 
for operative repair of both acute and chronic aortic dissec- 
tions that originate from a tear in the transverse aortic 
arch. 
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Liver Hemangiomas by Enucleation 


Aydin Alper, MD; Orhan Ariogul, MD; Ali Emre, MD; 
Ali Uras, MD; Attila Okten, MD 


e Nine patients with hemangiomas of the liver were treated 
by enucleation between 1976 and 1985 at the Surgical Depart- 
ment of Istanbul (Turkey) Medical School. The tumors were 
removed by dissecting the plane between the capsule of the 
hemangioma and normal liver tissue. The diameters of the 
tumors ranged from 8 to 23 cm. There was no mortality and no 
massive bleeding. It is suggested that hemangiomas can be 
removed by an enucleation technique with low mortality and 
morbidity, rather than by liver resection. 

(Arch Surg 1988;123:660-661) 


emangioma is the most common benign tumor of the 
liver! Symptomatic hemangiomas require treat- 
ment,”* of which surgical resection," radiation therapy, 
and hepatic artery ligation or embolization"' are the most 
typical modalities. Excision of the tumor with a rim of 
normal liver tissue (wedge resection) or formal resection 
are the commonly advised surgical techniques."** Herein 
we present nine cases of liver hemangiomas that were 
resected by dissecting in the plane between the tumor and 
the adjacent normal liver tissue. To our knowledge, this 
enucleation technique for the surgical treatment of giant 
hemangiomas has not been previously reported. 


PATIENTS AND METHODS 
Patients 


From 1976 to 1985, nine patients underwent enucleation opera- 
tions for liver hemangiomas. Their ages ranged from 36 to 56 years. 
There were eight women and one man. Seven patients had symp- 
toms and in two the tumors were discovered during the course of a 
general medical examination or at laparotomy. The main complaint 
was pain in six patients. On physical examination an epigastric 
mass or a mass in the right upper abdominal quadrant was palpable 
in four cases. Results of liver function tests were normal in all but 
one patient who had obstructive jaundice. The patients were 
examined by one or more of the following imaging techniques: 
ultrasonography, radionuclide scanning, or arteriography. Two 
cases had already been treated by ligation of the hepatic artery and 
in one case the tumor was left in situ during a previous laparotomy 
and the patient was subsequently referred to our department. 
Clinical and operative findings are outlined in the Table. 


Operative Technique 


A right paramedian or subcostal incision was used. The ligamen- 
tum teres was ligated and divided. The triangular and falciform 
ligaments were cut. After hilar dissection, temporary occlusion of 
vascular structures was performed in two cases only. To minimize 
blood loss, soft clamps were used on the liver when the location of 
the hemangioma was suitable. After incising the liver capsule, the 
dissection was performed in the cleavage plane between the 
capsule of the hemangioma and surrounding liver tissue. As there 
was a definite and easily separable cleavage plane, the enucleation 
was achieved mainly by blunt dissection using fingers. The vessels 
entering or leaving the tumor were identified, ligated, and divided. 
During the dissection, we attempted neither to damage the capsule 
of the hemangioma nor to enter deeply into the liver parenchyma. 
Failure to meet this condition could result in damage to the vital 
vessels and excessive blood loss, which is the main complication of 
the operation. After removal of the tumor, the cavity was packed 
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with wet gauze swabs for five minutes. Small bleeding points on the 
liver surface were controlled by catgut sutures. A Robinson or 
vacuum drain was used for the cavity. This was removed within two 
to three days. 


RESULTS 


The tumors ranged from 8 to 23 cm in diameter. In five 
patients the tumor was in the right lobe of the liver and in 
four patients it was in the left lobe. Macroscopically the 
liver was normal in all cases. The total blood loss during the 
operations averaged 650 mL. Obstructive jaundice was 
present in one patient due to pressure of the tumor on the 
biliary tree, and after removal of the tumor the common bile 
duct was explored and found to be normal. In addition to 
removal of the tumor, cholecystectomy for cholelithiasis 
was performed in another patient. 

The hemangiomas were reddish-purple or blue and soft. 
The cut surface was spongy and contained blood or clotted 
blood. Microscopically, all removed tumors were cavernous 
hemangiomas composed of blood-filled channels lined by 
endothelial cells. Recent or old thrombi were noticed in 
vascular spaces. Some sections contained fibrosis or calcifi- 
cation. 

The postoperative complications included a wound infec- 
tion in one patient and lung atelectasis in another. There 
was no postoperative bleeding or intra-abdominal abscess 
formation. The follow-up period ranged from one to nine 
years. Two patients were unavailable for follow-up. At this 
writing, five of the remaining seven patients were well and 
asymptomatic. Pain persisted in the right upper abdominal 
quadrant in two patients. 


COMMENT 


Cavernous hemangiomas of the liver are found in about 
5% of patients at autopsy.' The great majority of these 
lesions are small and without medical or surgical signifi- 
cance. However, large hemangiomas may become sympto- 
matic by pressure on adjacent organs or liver structures. 
The most common symptom is pain that may be related to 
partial infarction in the tumor or pressure on surrounding 
tissue.* The most serious complication is spontaneous rup- 
ture with severe bleeding, which is reported to carry a 75% 
to 100% mortality." A large hemangioma causing obstruc- 
tion to the cardiac orifice of the stomach was reported by 
Wakeley in 1924." Abscess formation, thrombocytopenia, 
and jaundice are other complications.*” The natural history 
of the tumor is unknown and we cannot predict when these 
potentially threatening complications will appear. Treat- 
ment of the hemangioma prevents the development of 
complications and relieves the symptoms.**° 

Despite the use of modern imaging techniques, a con- 
fident diagnosis cannot always be made preoperatively.’ 
The findings of ultrasonography and scintigraphy are non- 
specific.” Computed tomography is the best noninvasive 
method of diagnosing liver hemangioma. The findings are 
more characteristic, but in many cases angiography is still 
necessary.“ In the majority of the patients a definitive 
angiographic diagnosis can be made, preventing the poten- 
tially fatal complications of percutaneous biopsy and obviat- 
ing diagnostic exploratory laparotomy.*” In some patients, 
however, definitive diagnosis can only be made by laparot- 


Liver Hemangiomas—Alper et al 


© 


t 


Tumor 

Location, 

Previous Diameter, 
Operation cm 

Hepatic artery R lobe, 14 

ligation 
A. L lobe, 12 
£i L lobe, 20 


Principal 


Symptoms, 
Physical 
Findings* 


RUQ pain, palpable 
mass 


1/55/F 


2/40/M 
3/56/F 


RUQ pain 


Palpable mass, 
weight loss 


RUQ pain, palpable 
mass, jaundice 


Asymptomatic, found 
during cholecystectomy 


RUQ pain, palpable 
mass 


4/52/F Hepatic artery L lobe, 23 


ligation 


5/49/F eet R lobe, 10 


6/45/F Pe R lobe, 10 


7/56/F Asymptomatic, found 2 R lobe, 8 
by ultrasonography 
Epigastric pain 
and fullness 


RUQ pain, fever 


8/36/F D L lobe. 12 


9/45/F Laparotomy, R lobe, 11 


biopsy 
*RUQ indicates right upper abdominal quadrant. 


omy and histologic examination of the specimen. Misdiag- 
nosis of a space-occupying lesion in the liver, such as a 
cavernous hemangioma, is always possible, even by very 
experienced physicians,” and may cause delay in the proper 
treatment of a malignant tumor. 

Surgical treatment of the hemangioma is more radical 
than the other modalities and also allows histologic ex- 
amination of the specimen. Excision of the hemangioma by 
wedge or formal liver resection has been suggested by 
several authors."*^*" However, the problem with this ap- 
proach has been associated mortality. Generally, liver re- 
section always carries a risk and the reported mortality in 
^ large series has ranged from 4% to 2596." Most of these 
series included tumors and poor-risk patients. The reported 
mortality from elective liver resections for hemangioma is 
relatively low (0.0% to 4.396).*" However, these statistics 
reflect the results of experienced teams and, because of the 
risk, the referral of these patients to "specialized liver 
centers" has been advised by Starzl and colleagues.” Sur- 
geons in general hospitals tend to avoid removing heman- 
giomas, especially giant ones that they happen to diseover 
during other abdominal surgery. However, general sur- 
geons may have to resect a bleeding hemangioma or attempt 
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to remove it. In these circumstances the mortality from 
liver resection will be higher. 

Instead of liver resection for hemangioma, enucleation of 
the tumor is possible. During the growth of the tumor? 
the liver parenchyma surrounding the lesion is compressed, 
forming a fibrous capsule adjacent to the wall of the 
hemangioma."* The major vessels entering or leaving the 
tumor ean be easily clamped by dissecting along this 
cleavage without major blood loss. If the capsule of the 
tumor is damaged during the operation or by biopsy, severe 
bleeding can result.** Using the method described in the 
present report, excision of the tumor is possible without 
cutting the capsule. In addition, there is no need to resect 
normal liver parenchyma that might damage important 
vessels and biliary channels adjacent to the tumor, as may 
occur during formal or wedge resection. 

When deciding on surgical management of hemangiomas, 
the degree of the symptoms and the operative risks must be 
considered. In our experience with the enucleation tech- 
nique, there was no excessive blood loss or mortality. 
However, we must admit that in our series there were no 
cirrhotic patients or any patients compromised by a sys- 
temic disease. Only one patient had a hemangioma larger 
than 20 em. When the hemangioma is very large or at a 
dangerous anatomical location, a higher risk must be ex- 
pected. However, all of these risk factors should be deter- 
mined preoperatively and the best treatment option should 
be offered to the patient. Experience in liver surgery is 
essential if there are risk factors involved. Otherwise, 
during blunt dissection, rupture of an important vessel such 
as the hepatie vein may cause uncontrollable bleeding. 
Although we have never encountered this complication, any 
surgeon intending to remove a hemangioma should be able 
to deal with this kind of problem. 

This technique cannot be used for every benign lesion of 
the liver. A similar procedure has been used by some 
authors for hydatid cysts of the liver." However, the plane 
between the cyst and the normal liver is not so easily 
distinguished and major blood loss is therefore common in 
these cases. 

We assume that enucleation with blunt dissection could 
probably also be used to treat a ruptured hemangioma, 
although we have no experience with this application. After 
an initial attempt to control bleeding by direct pressure at 
the point of the rupture the tumor might be easy to 
enucleate and the mortality would probably be low. 


We wish to thank John Terblanche, MD, for his encouragement and his 
help in writing this article. 
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Thrombolytic Therapy of 
Axillary-Subclavian Venous 
Thrombosis 


To the Editor —The article by Lander- 
casper et al’ may lead readers to the 
wrong conclusion that thrombosis of 
the axillary-subclavian vein can be 
treated successfully with systemic 
thrombolytic therapy, as used in the 
four cases described in the article. 
Although thrombolytic therapy has 
already been tried in this syndrome 
by several investigators, including me, 
the success of the treatment is limited 
to dissolution of the clots. However, 
the basic problem of extrinsic constric- 
tion of the vein and intimal tear is not 
solved by this therapy alone. The si- 
multaneous use of anticoagulation and 
surgery has been proposed by several 
groups; however, Landercasper et al 
used these methods in sequence in two 
of their patients. Even the posttreat- 
ment venogram in the article shows a 
definite constriction of the vein at the 
level of the inner third of the clavicle. 
This has been the problem in all of 
these cases, and large series*® have 
demonstrated an intimal tear and ex- 
trinsic compression of the vein that 
must be released by patch angioplasty 
of the vein itself to preserve the pa- 
tency of the vein and its caliber to the 
original dimension. Even balloon an- 
gioplasty that has been tried at my 
institution, after the injection of uro- 
kinase directly into the clots, has not 
been successful in rendering the cali- 
ber of the vein back to its original 
dimension. 

There is therefore a definite consen- 
sus that all of these patients must be 
treated with surgery with or without 
the concomitant use of thrombolytic 
enzymes. This was the consensus of 
Drapanas and Curran.’ If Landercas- 
per and colleagues’ would have ob- 
tained angiograms initially and follow- 
up data in each case, they would have 
seen that the constriction persists. 
The Doppler examination is not accu- 
rate, and the authors do not prove 
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their point with this type of follow-up, 
which only “suggests” that the axillary 
vein was patent. After one year of only 
anticoagulant therapy with or without 
thrombolytic agents, many of these 
patients develop a sufficient number 
of collateral vessels to allow partial 
rehabilitation depending on the de- 
gree of severity of the original throm- 
bosis. The articles by Hughes and 
colleagues,2* Campbell and cowork- 
ers,’ McCleery and associates,* Adams 
and DeWeese,* and me” support this 
concept. Convincing evidence of 
proper treatment reestablishing the 
caliber and patency of the axillary- 
subclavian vein on a long-term basis 
must be better documented, as stated 
recently by Aziz et al." 

J. ERNESTO MoriNA, MD 

Minneapolis 
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In Reply.—We appreciate the interest 
and expertise of Dr Molina concerning 
the treatment of axillary-subclavian 
vein thrombi. We agree that a combi- 7 
nation of anticoagulation and surgery 
may improve the long-term outcome 
of patients with axillary-subclavian 
vein thrombosis. We disagree that 
there is “a definite consensus that all 
of these patients must be treated with 
surgery,” and we disagree over which 
surgical procedures may be required. 
Dr Molina believes a consensus exists 
that there is “an intimal tear and 
extrinsic compression of the vein that 
must be released by patch angioplasty 
of the vein itself to preserve the pat- 
ency of the vein.” If a definite consen- 
sus does exist concerning patch angio- 
plasty, then why do major textbooks 
of vascular surgery not advocate it for 
all patients?'* Patch angioplasty is 
also not recommended by the institu- 
tion reporting the largest series, to 
our knowledge, in treating axillary 
thrombosis.* 

Patch angioplasty of the subclavian 
vein may be beneficial, but this pro- 
cedure has not gained widespread ac- 
ceptance and has not been proven to 
be the preferred method of treatment. 
A consensus favoring treatment of a 
disease presented only a few times a 
year in each medical center can only, , 
be arrived at through cooperative, 
multi-institutional, prospective trials. 
The outcome of large numbers of pa- 
tients undergoing standard anticoag- 
ulation with heparin and warfarin so- 
dium needs to be compared with that 
of patients undergoing fibrinolytic 
treatment with or without surgery. 
Surgical treatment would then need 
to be randomized to simple thoracie 
outlet decompression with first-rib re- 
section vs patch angioplasty. Long- 
term follow-up data to at least five 
years (preferably ten years) also need 
to be obtained. These studies have not w 
been done. 

Our study established long-term fol- 
low-up data for patients treated with 
fibrinolytic therapy and thoracic out- 
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let decompression. Documentation of 
axillary vein patency was determined 
with Doppler examination because of 
"its safety. Venography is an invasive 
procedure in an asymptomatic patient, 
and it may cause endothelial damage 
and induce thrombosis in 3% to 4% of 
patients. ^5 
Dr Molina supports his position on 
the superiority of patch angioplasty 
by citing seven references. These ref- 
erences are well written and add to 
the understanding of axillary vein 
thrombosis, but not all of the investi- 
gators support patch angioplasty. 
Campbell et al? treated six patients 
surgically and only one patient was 
asymptomatic at follow-up. Swinton 
et al^ treated one patient operatively 
and concluded that their *own experi- 
ence cannot be used to support the 
benefit of thrombectomy" Darapanas 
and Curran" described the cases of six 
patients, but only two patients were 
treated with thrombectomy; they had 
good results without patch angioplasty. 
Dr Molina concludes that “convinc- 
ing evidence of proper treatment... 
on a long-term basis must be better 
doeumented, as stated recently by 
Aziz et al." These investigators treated 
four patients operatively and all had 
good results. However, follow-up was 
only documented by venography in 
4 the patient,” and two patients were 
followed up less than one year. Dr 
Molina may be correct that direct 
operative intervention on a narrowed 
subclavian vein produces the best 
long-term results, but evidence in the 
literature is not yet convincing, and 
there is no consensus that direct op- 
erative intervention on the narrowed 
vein is necessary. Well-designed clini- 
cal studies comparing simple thoracic 
outlet decompression (as was per- 
formed after fibrinolysis in two of our 
patients) to partial clavicle resection 
~and patch angioplasty (as advocated 
by Dr Molina) have not been per- 
formed. 
JEFFREY LANDERCASPER, MD 
WARREN GALL, MD 
MICHAEL FiscHEerR, MD 
WiuuiaM C. Boyp, MD 
PuiriP C. DAHLBERG, MD 
WiLLIAM A. KiskEN, MD 
TERRANCE BoLanp, MD 
La Crosse, Wis 


1. Atik M: Venous thrombosis disease, in 
Moore WS (ed): Vascular Surgery, ed 2. New 
York, Grune & Stratton, 1986, p 1055. 

2. DeWeese J: Upper extremity venous ob- 
struction, in Ernst CB, Stanley JC (eds): Current 
Therapy in Vascular Surgery. Toronto, BC 
Decker Ine, 1987, p 430. 

3. Strandness DE Jr: Acute venous thrombo- 
embolism, in Haimovichi H (ed): Vascular Emer- 
gencies. New York, Appleton-Century-Crofts, 


Arch Surg— Vol 123, May 1988 


1982, p 571-572. 

4. Juergens JL, Payne WS: Obstructive dis- 
ease of veins, in Fairbairn JF II, Juergens JL, 
Spittell JA Jr (eds): Peripheral Vascular Dis- 
eases, ed 4. Philadelphia, WB Saunders Co, 1972, 
pp 575, 580. 

5. Roos DB: Axillary-subclavian vein occlu- 
sion, in Rutherford RB (ed): Vascular Surgery, 
ed 2. Philadelphia, WB Saunders Co, 1984, pp 
1390-1393. 

6. Gloviezki P, Kazmier FJ, Hollier LH: Axil- 
lary subclavian venous occlusion: The morbidity 
of a nonlethal disease. J Vase Surg 1986;4:333- 
337. 

7. Ritchie WM, Lynch PR, Stewart GJ: The 
effect of contrast media on normal and inflamed 
canine veins. /nvest Radiol 1974;9:444-455. 

8. Hull R, Hirsh J, Sackett DL, et al: Replace- 
ment of venography in suspected venous throm- 
bosis by impedance plethysmography and ™I- 
fibrinogen leg scanning. Ann Intern Med 
1981;94:12-15. 

9. Campbell CB, Chandler JG, Tegtmeyer CJ, 
et al: Axillary, subclavian, and brachiocephalic 
vein obstruction. Surgery 1977;82:816-826. 

10. Swinton NW, Edgett JW, Hall RJ: Primary 
subelavian-axillary vein thrombosis. Circulation 
1968;38:737-745. 

11. Darapanas T, Curran WL: Thrombectomy 
in the treatment of ‘effort’ thrombosis of the 
axillary and subclavian veins. J Trawma 
1966;6:107-119. 


Radiation Treatment Technique and 
Surgical Results 


To the Editor.—The recent article by 
Pearlman et al,’ was based on reports 
of 22 patients who had previously re- 
ceived radiation treatment, yet no ra- 
diation oncologist was listed as an au- 
thor. The statement that previous 
radiotherapy “ranged from 3000 to 
12000 rad (30 to 120 Gy), with all but 
one patient having received at least 
4000 rad (40 Gy)” is unacceptable with- 
out further explanation. Radiation 
doses cannot be specified as a simple 
range, as though they are comparable 
to blood loss volumes. 

Most importantly, with any frac- 
tionation, 120 Gy (12000 rad) is above 
the radiotolerance of pelvic structures 
unless radioactive implants were per- 
formed, with doses specified at or 
close to the surface of the sources. 

Alsc, complication rates as well as 
control rates, either after radio- 
therapy alone or after surgery, are 
dependent on the total dose, fractiona- 
tion, and field size. It would have been 
very helpful in the analysis of this 
apparently diversely treated group of 
patients if the authors had indicated 
the number of patients treated at each 
dose level and the treatment arrange- 
ments used, along with some assess- 
ment of the surgical problems at each 
dose level. 

Although this article was published 
as a report read before a conference, 
peer review should still occur before 
publication. If all patients in a study 
have received a common modality of 





treatment, it is a matter of basic cour- 
tesy to the profession to include a 
specialist in that area on the peer 
review panel. At the very least, the 
descriptions of the treatment should 
make sense to qualified practitioners. 
The relationship of radiation treat- 
ment technique and surgical results is 
so direct that understanding those re- 
sults can be meaningful only with 
knowledge of the details of radiation 
therapy. 

RICHARD S. PIETERS, MD 

Columbus, Ohio 


1. Pearlman NW, Donohue RE, Stiegmann 
GV, et al: Pelvic and sacropelvic exenteration for 
locally advanced or recurrent anorectal cancer. 
Arch Surg 1987;122:537-541. 


In Reply.—Dr Pieters raises several 
questions about a lack of details in our 
report regarding previous radio- 
therapy given to patients. Our article, 
however, was not about radiotherapy. 
Rather, it discussed techniques and 
results of radical surgery in patients 
with previously irradiated bulky or 
recurrent anorectal cancers; many of 
these cancers had been declared “in- 
operable.” We summarized the previ- 
ous surgery or irradiation received by 
these patients to show the type of 
population we were dealing with and to 
show that reirradiation was not a use- 
ful option. We did not believe that 
further details of previous treatment, 
such as resection margins, irradiation 
port size, or dose fractionation, would 
have significantly added much to this 
discussion, nor would they have been 
of much use to surgeons trying to 
figure out how to operate on such 
patients. While this may have been an 
oversight, it was certainly not an 
egregious oversight, as Dr Pieters’ 
comments suggest. 

We did not include a radiation on- 
cologist as a coauthor because these 
patients were treated by ten different 
radiation oncologists, none of whom 
was on the staff of the University of 
Colorado, Denver, when the report 
was written. We certainly could not 
have included all of these individuals as 
coauthors, and it would have been un- 
fair to exclude some of them, so none 
was asked to be a coauthor. 

Complication rates do increase when 
radical surgery is carried out in irradi- 
ated fields; however, most surgeons 
know this, and it did not warrant re- 
iteration in an article such as ours. The 
major issues patients have to face 
when contemplating surgery such as 
we described are as follows: (1) oper- 
ative mortality, (2) the incidence of 
significant neurologic injury should 
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sacral resection prove necessary, (3) 
the chance of permanent control of 
their pelvic cancer, and (4) the chance 
of long-term survival. There were no 
neurologic injuries of note after sacral 
resection, and the other issues were 
addressed in our original article. Com- 
pared with these “big-ticket items,” 
the number of nonfatal complications 
that might have occurred is of lesser 
import, and their inclusion in the text 
would have detracted from its central 
message. 

Dr Pieters also raises the issue of 
"peer review.” In our view, this is a 
“straw man.” Before surgery, all of 
these cases were discussed by a tumor 
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board, with à radiation oncologist in 
attendance. Thus, the patients did re- 
ceive peer review in that sense. Also, 
most patients with uncontrolled pelvic 
cancer are cared for by nurses, sur- 
geons, medical oncologists, and family 
members in their last weeks or months 
of life—not by radiation oncologists. 
The full horror of their problems is 
generally more apparent to the former 
group than to radiation oncologists. 
True peer review of an article such as 
ours would include the opinions of indi- 
viduals from all of these groups, not 
just those of a radiation oncologist who 
may have treated similar patients 
months, if not years, before their de- 


mise. Finally, there is widespread and 
uneritical use of surgical terms such as 
operable and inoperable in radio-, 
therapy journals. As evidenced by our 
experience, what is operable is a func- 
tion of who is advising the patient, and 
it is not absolute. If “common cour- 
tesy” demands that radiation oncolo- 
gists review articles such as ours, it 
also demands that knowledgeable sur- 
geons review radiotherapy articles 
that purport to describe surgical con- 
ditions. To our knowledge, this state of 
affairs does not presently exist. 
NATHAN W. PEARLMAN, MD 
GREGORY V. STIEGMANN, MD 
Denver 
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Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 


CEFOTAN® (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular — 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose’ Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 ? dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 
1gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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Once for prophylaxis, 
once-daily for cure. 





Just 1 gm, once each procedure, is the prophylactic is the same as the daily theraputic dosage... easy 
dose- even if surgery* is delayed or prolonged. And and economical. 


just 1 gm, once a day, is the therapeutic dose for 
postsurgical infections (including respiratory tract or Once-a-day ROCEPHIN: Mean ie pathogens, lean 
on your budget, clean with patients. 


skin/skin structure infections due to Staphylococcus 
aureus, Klebsiella pneumoniae and Proteus mirabilis). * In contaminated or potentially contaminated procedures (e.g., vaginal 

: : & or abdominal hysterectomy), and for patients in whom infection at 
Unlike any other cephalosporin, the ROC EPHIN the operative site would present serious risk (e.g., coronary artery bypass 
(ceftriaxone sodium/Roche) prophylactic dosage graft [CABG] surgery). 


Once-a-day 


Rocephnm.. 


ceftriaxone sodium/Roche 


As with any cephalosporin, there exists the 
possibility of hypersensitivity reactions, especially 
in individuals with a history of sensitivity. 


Copyright € 1988 by Hoffmann-La Roche Inc All rights reserved Please see adjacent page for summary of product information. 











ceftriaxone sodium/Roche 


Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infec- 
tions when caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Strepto- 
coccus Species (excluding enterococci), Staph. aureus. H. influenzae, H. paraintlu- 
enzae, Klebsiella species (including K. pneumoniae). E. coli, E. aerogenes, Proteus 
mirabilis and Serratia marcescens 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epider- 
midis, Streptococcus species (excluding enterococci), E. cloacae, Klebsiella species 
(including K. pneumoniae), Proteus mirabilis and Pseudomonas aeruginosa. 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, 
Proteus mirabilis, Proteus vulgaris, M. morganii and Klebsiella species (including 
K. pneumoniae) 

UNCOMPLICATED GONORRHEA (cervicallurethrai and rectal) caused by Neisseria 
gonorrhoeae, including both penicillinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus. Strep. pneumoniae, E. coli, H. in- 
fluenzae and K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Strep- 
tococcus species (excluding enterococci), E. coli. P mirabilis, K. pneumoniae and 
Enterobacter species. 

INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 

MENINGITIS caused by H: influenzae, N: meningitidis and Strep. pneumoniae. Cet- 
triaxone has also been used successfully in a limited number of cases of meningitis and 
shunt infections caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may re- 
duce incidence of postoperative infections in patients undergoing surgical procedures 
classified as contaminated or potentially contaminated (e.g., vaginal or abdominal hys- 
terectomy) and in those for whom infection at the operative site presents sericus risk 
(e.g.. during coronary artery bypass surgery) 

Although ceftriaxone has been shown to have been as effective as cefazolin in the pre- 
vention of infection following coronary artery bypass surgery, no placebo-controlled trials 
have been conducted to evaluate any cephalosporin antibiotic in the prevention cf infec- 
tion following coronary artery bypass surgery. When administered before indicated sur- 
gical procedures, a single 1 gm dose provides protection from most infections due to 
susceptible organisms for duration of procedure. 

SUSCEPTIBILITY TESTING, Before instituting treatment with Rocephin. appropriate 
specimens should be obtained for isolation of the causative organism and for determi- 
nation of its susceptibility to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with known allergy to the 
cephalosporin class of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ROCEPHIN !S INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HY- 
PERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- 
TIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE 
OF SUBCUTANEOUS EPINEPHRINE AND.OTHER EMERGENCY MEASURES 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics), therefore, it is important to consider its diagnosis in patients 
who develop diarrhea in association with antibiotic use 

Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile 
is one primary cause of antibiotic-associated colitis. Cholestyramine and colestipol 
resins have been shown to bind to the toxin in vitro 

Mild cases of colitis respond to drug discontinuance alone. Moderate to severe cases 
should be managed with fluid, electrolyte and protein supplementation as indicated 
When the colitis is not relieved by drug discontinuance or when it is severe, oral vanco- 
mycin is the treatment of choice for antibiotic-associated pseudomembranous colitis pro- 
duced by C. difficile. Other causes of colitis should also be considered. 

Rarely, shadows suggesting sludge’have been detected by sonograms of the gallblad- 
der in asymptomatic and symptomatic patients. This appears to be reversible on discon- 
tinuation of therapy. In a few symptomatic patients receiving higher than usual doses, 
who underwent surgery, sludge containing traces of ceftriaxone was recovered'from sur- 
gical specimens. Discontinue therapy in patients who develop signs or symptoms 
suggestive of gallbladder disease; consider conservative management. 

PRECAUTIONS: GENERAL. Although transient elevations of BUN and serum creatinine 
have been observed, at the recommended dosages, the nephrotoxic pctential of 
Rocephin is similar to that of other cephalosporins 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). 
Therefore, patients with renal failure normally require no adjustmentin dosage when usu- 
al doses of Rocephin are administered, but concentrations of drug in the serum should 
be monitored periodically. If evidence of accumulation exists, dosage should be de- 
creased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction; how- 
ever, in patients with both hepatic dysfunction and significant renal disease, Rocephin 
dosage should not exceed 2 gm daily without close monitoring of serum concentrations 
Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. 
Patients with impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic 
disease and malnutrition) may require monitoring of prothrombin time during Rocephin 
treatment. Vitamin K administration (10 mg week'y) may be necessary if the prothrombin 
time is prolonged before or during therapy 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms 
Careful observation of the patient is essential. If superinfection occurs during therapy. 
appropriate measures should be taken. 

Rocephin should be prescribed with caution in individuals with a history of gastrointes- 
tinal disease, especially colitis. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis 
Considering the maximum duration of treatment and the class of the compound. carcin- 
ogenicity studies with ceftriaxone in animals have not been performed. The maximum 


ROCEPHIN® (ceftriaxone sodium/Roche) 

duration of animal toxicity studies was six months. 
Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a 
test for chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. 
Ceftriaxone showed no potential for mutagenic activity in these studies. 

Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intra- 
venously to rats at daily doses up to 586 mg/kg/day, approximately 20 times the recom- 
mended clinical dose of 2 gm/day 

PREGNANCY. Teratogenic Effects: Pregnancy Category B. Reproductive studies have 
been performed in mice and rats at doses up to 20 times the usual human dose and have 
no evidence of embryotoxicity, fetotoxicity or teratogenicity In primates. no embryotoxicity 
or teratogenicity was demonstrated at a dose approximately three times the human dose 
There.are, however. no adequate and well-controlled studies in pregnant women. Be- 
cause animal reproductive studies are not always predictive of human response, this 
drug should be used during pregnancy only if clearly needed 

Nonteratogenic Effects: In rats, in the Segment I (fertility and general reproduction) and 
Segment Ill (perinatal and postnatal) studies with intravenously administered ceftriax- 
one, no adverse effects were noted on various reproductive parameters during gestation 
and lactation, including postnatal growth, functional behavior and reproductive ability of 
the offspring. at doses of 586 mg/kg/day or less 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk 
Caution should be exercised when Rocephin is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children 
have been established for the dosages described in the Dosage and Administration sec- 
tion. In vitro studies have shown Ceftriaxone, like some other cephalosporins, can 
displace bilirubin from serum albumin. Exercise caution before administration to hyper- 
bilirubinemic neonates, especially prematures. 

ADVERSE REACTIONS: Rocephin is genera'ly well tolerated. In clinical trials, the following 
adverse reactions, which were considered to be related to Rocephin therapy or of uncer- 
tain etiology. were observed: 

LOCAL REACTIONS — pain. induration or tenderness at the site of injection (1%) Less 
frequently reported (less than 196) was phlebitis after I. V. administration 
HYPERSENSITIVITY —rash (1796) Less frequently reported (less than 1%) were pruritus. 
fever or chills 

HEMATOLOG/C—eosinophilia (6%). thrombocytosis (51%) and leukopenia (2 1%) Less 
frequently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombo- 
cytopenia and prolongation of the prothrombin time. 

GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were 
Nausea or vomiting, and dysgeusia 

HEPATIC—elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less 
than 1%) were elevations of alkaline phosphatase and bilirubin. 

RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were 
elevations of creatinine and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM—headache or dizziness were reported occasionally 
(less than 1%) 

GENITOURINARY —moniliasis or vaginitis were reported occasionally (less than 1%) 
aaa OUS—diaphoresis and flushing were reported occasionally (less than 
1%) 


Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lympho- 

Cytosis, monocytosis, basophilia, a decrease in the prothrombin time, jaundice. gallblad- 

der sludge, glycosuria, hematuria, anaphylaxis, bronchospasm, serum sickness. 

abdominal pain, colitis, flatulence. dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramus- 

cularly The usual adult daily dose is 1 to 2 gm given once a day (or in equally divided 

doses twice a day) depending on the type and severity of the infection. The total daily 

dose should not exceed 4 grams 

For the treatment of serious miscellaneous infections in children, other than meningitis, 

the recommended total daily dose is 50 to 75 mg/kg (not to exceed 2 grams). given in 

divided doses every 12 hours. 

Generally. Rocephin therapy should be continued for at least two days after the signs and 

symptoms of infection have disappeared. The usual duration is 4 to 14 days; in compli- 

cated infections longer therapy may be required 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams). given 

in divided deses every 12 hours. should be administered with or without a loading dose 

of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose 

of 250 mg is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 

hours before surgery is recommended 

When treating infections caused by Streptococcus pyogenes, therapy should be contin- 

ued for at least ten days 

No dosage adjustment is necessary for patients with impairment of renal or hepatic func- 

tion, however, blood levels should be monitored in patients with severe renal impairment 

(e.g.. dialysis patients) and in patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline 

powder in glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of ceftriaxone; piggyback bot- 

tles containing 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers con- 

taining 10 gm equivalent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials"* containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriax- 

one sodium in 50 mL single dose plastic containers, as follows: 

1 gm equivalent of ceftriaxone. iso-osmotic with approximately 1.9 gm dextrose hydrous. 

USP added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, 

USP added 

NOTE: Rocephin in the frozen state should not be stored above -20*C 

"Registered trademark of Abbott Laboratories, Inc. 

Manufactured for Roche Laboratories, Division of Hoffmann-La Roche Inc.. by Travenol 
Laboratones, Inc., Deerfield, Illinois 60015 P.. 0587 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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TRANDATE* Tablets 
(labetalol hydrochloride) 


BRIEF SUMMARY OF 
PRODUCT INFORMATION 


The s a brief summary only. Before prescribing, see complete prescribing information in 
ablets product labeling. 

INDICATIONS AND E: * Tablets are indicated in the management of hypertension. 

TRANDATE Tablets may be used alone or in combination with other antihypertensive agents, especially 

thiazide and loop diuretics. 

cpm TRANDATE® Tablets are contraindicated in bronchial asthma, overt cardiac failure, 
=) an- 

m 


heart block, cardiogenic shock, and severe bradycardia (see WARNINGS). 
ailure: Sympathetic stimulation is a vital component supporting circulatory function 
in congestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 


-contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
-congestive heart failure, if necessary labetalol HCI can be used with caution in patients with a history of 
_ heart failure who are well compensated. Congestive heart failure has been observed in patients receiving 
-labetalol HCI. Labetalol HC! does not abolish the inotropic action of digitalis on heart muscle. 


In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-blocking agents over a period of time can, in some cases, lead to 
cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be fully digital- 
ized and/or be given a diuretic, and the response should be observed closely. If cardiac failure continues 


Im adequate digitalization and diuretic, TRANDATE® therapy should be withdrawn (gradually, if 


possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HC! discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some cases, 
myocardial infarction have occurred after abrupt discontinuation of such therapy. When discontinuing 
chronically administered TRANDATE, particularly in patients with ischemic heart disease, the dosage 
should be gradually reduced over a period of one to two weeks and the patient should be carefully moni- 

. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE administration 
should be reinstituted promptly, at least temporarily, and other measures appropriate for the management 


ef unstable angina should be taken. Patients should be warned against interruption or discontinuation of 


therapy without the physician's advice. Because coronary artery disease is common and may be unrecog- 
nized, it may be prudent not to discontinue TRANDATE therapy abruptly even in patients treated only for 


Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
beta-blockers. TRANDATE may be used with caution, however, in 
patients who do not respond to, or cannot tolerate, other antihypertensive agents. It is prudent, if 
TRANDATE is used, to use the smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized. 
Pheochromocytoma: Labetalol HCI has been shown to be effective in lowering blood pressure and 
relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive responses 
have been reported in a few patients with this tumor; therefore, use caution when administering labetalol 
HCI to patients with pheochromocytoma. 
Diabetes Mellitus and Hypoglycemia: Deta-adrenergic blockade may prevent the appearance of premoni- 
tory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important with labile 
diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; it may there- 
fore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major surgery 
is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a heartbeat 
have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activity has not 
been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug Interactions 
under PRECAUTIONS). 

PRECAUTIONS: General: impaired Hepatic Function: TRANDATE® Tablets should be used with caution in 
patients with impaired hepatic function since metabolism of the drug may be diminished. 

Jaundice or Dysfunction: On rare occasions, labetalol HC! has been associated with jaundice 
(both hepatic and cholestatic). It is therefore recommended that treatment with labetalol HCI be stopped 
immediately should a patient develop jaundice or laboratory evidence of liver injury. Both have been 
shown to be reversible on stopping therapy. 
information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence of 
the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with labetalol 
HCI, dosing with TRANDATE Tablets should not be interrupted or discontinued without a physician's 
advice. Patients being treated with TRANDATE Tablets should consult a physician at any sign of impending 
cardiac failure. Also, transient scalp tingling may occur, usually when treatment with TRANDATE Tablets 
is initiated (see ADVERSE REACTIONS). 

Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should be 
observed over regular intervals. In patients with concomitant illnesses, such as impaired renal function, 


ay sid sapi be done to monitor these conditions. 

Drug : In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The 
contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor agonist 
drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic dose of 
beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
special care should be used in establishing the dose required for blood pressure control in such patients. 

Synergi been shown between halothane anesthesia and intravenously administered labetalol 
HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will be 
increased and because of the possibility of a large reduction in cardiac output and an increase in central 
venous pressure. The anesthesiologist should be informed when a patient is receiving labetalol HCI. 

Labetalo! HC! blunts the reflex tachycardia produced by nitroglycerin without preventing its hypotensive 
effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional antihyper- 
tensive effects may occur | 
Drug/Laboratory Test Interactions: The presence of a metabolite of labetalol in the urine may result in 
falsely increased levels of urinary catecholamines when measured by a nonspecific trihydroxyindole (THI) 
reaction. In screening patients suspected of having a pheochromocytoma and being treated with labetalol 
HCI, specific radioenzymatic or high performance liquid chromatography assay techniques should be 
used to determine levels of catecholamines or their metabolites. 

$, , Impairment of Fertility: Long-term oral dosing studies with labetalol! HCI 
for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies with 
labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms according to 
modified Ames tests showed no evidence of mutagenesis. 
Pregnancy: leratogenic Effects: Pregnancy Category C: Teratogenic studies have been performed with 


TRANDATE® Tablets (labetalol hydrochloride) 


labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was observed. 
Increased fetal resorptions were seen in both species at doses approximating the MRHD. There are no 
adequate and well-controlled studies in pregnant women. Labetalol should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI during pregnancy did 
not appear to be adversely affected by the drug. Oral administration of labetalol to rats during late 
gestation through weaning at doses of two to four times the MRHD caused a decrease in neonatal survival. 
Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are excreted 
in human milk. Caution should be exercised when TRANDATE Tablets are administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild, transient, and occur early in the course of treatment. 
In controlled clinical trials of three to four months’ duration, discontinuation of TRANDATE® Tablets due to 
one or more adverse effects was required in 7% of all patients. In these same trials, beta-blocker control 
— led to discontinuation in 8% to 10% of patients, and a centrally acting alpha-agonist in 30% of 
patients. 

The following adverse reactions were derived from multi-center, controlled clinical trials over treatment 
periods of three and four months. The rates, which ranged from less than 196 to 596 except as otherwise 
noted, are based on adverse reactions considered probably drug-related by the investigator. If all reports 
are considered, the rates are somewhat higher (eg, dizziness, 2075; nausea, 1496; fatigue, 1196). 

Body as a Whole: Fatigue, asthenia, and headache. 

Gastrointestinal: Nausea (6%), vomiting, dyspepsia, diarrhea, and taste distortion. 

Central and Peripheral Nervous Systems: Dizziness (11%), paresthesia, and drowsiness. 

Autonomic Nervous System: Nasal stuffiness, ejaculation failure, impotence, and increased 
sweating. 

ascular: Edema and postural hypotension. 

Respiratory: Dyspnea. 

Skin: Rash. 

eed Senses: Vision abnormality and vertigo. 

e adverse effects were reported spontaneously and are representative of the incidence of adverse 
effects that may be observed in a properly selected hypertensive patient population, ie, a group excluding 
patients with bronchospastic disease, overt congestive heart failure, or other contraindications to beta- 
blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hypertensive 
patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly dose-related 
shows that the following side effects increased with increasing dose: dizziness, fatigue, nausea, vomiting, 
dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and edema. 

In addition, a number of other less common adverse events have been reported in clinical trials or the 
iterature: 

Cardiovascular: Postural hypotension, including rarely, syncope. 

Central and Peripheral Nervous Systems: Paresthesias, most frequently described as scalp tingling. 
In most cases, it was mild, transient, and usually occurred at the beginning of treatment. 

Collagen Disorders: Systemic lupus erythematosus; positive antinuclear factor (ANF). 

Eyes: Dry eyes. 

Immunological System: Antimitochondrial antibodies. 

Liver and Biliary System: Cholestasis with or without jaundice. 

Musculoskeletal System: Muscle cramps; toxic myopathy. 

Respiratory System: Bronchospasm. 

Skin and Appendages: Rashes of various types, such as generalized maculopapular, lichenoid, urticar- 
ial, bullous lichen planus, psoriaform, and facial erythema; Peyronie's disease; reversible alopecia. 

Urinary System: Difficulty in micturition, including acute urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving approxi- 
mately 6,800 patients was conducted for further safety and efficacy evaluation of this product. Results of 
ze pee indicate that the type, severity, and incidence of adverse effects were comparable to those 
cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. 

Central Nervous System: Reversible mental depression progressing to catatonia, an acute reversible 
syndrome characterized by disorientation for time and place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased performance or neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Fever combined with aching and sore throat; laryngospasm; respiratory distress. 

Hematologic: Agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. 

Gastrointestinal: Mesenteric artery thrombosis; ischemic colitis. 

The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been reported 
with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of patients 
treated with labetalol HCl and tested, and more rarely, reversible increases in blood urea. 

OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full prescrib- 
ing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dosage is 
100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, using 
standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid every two or 
three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg twice daily. 

Before use, see complete prescribing information for dosage details. 

HOW SUPPLIED: TRANDATE * Tablets, 100 mg, light orange, round, scored, film-coated tablets engraved 
on one side with "TRANDATE 100 GLAXO;' bottles of 100 (NDC 0173-0346-43) and 

500 (NDC 0173-0346-44) and unit dose packs of 100 tablets (NDC 0173-0346-47). 

TRANDATE Tablets, 200 mg, white, round, scored, film-coated tablets engraved on one side with 
“TRANDATE 200 GLAXO!” bottles of 100 (NDC 0173-0347-43) and 500 (NDC 0173-0347-44) and unit dose 
packs of 100 tablets (NDC 0173-0347-47). 

TRANDATE Tablets, 300 mg, peach, round, scored, film-coated tablets engraved on one side with 
“TRANDATE 300 GLAXO!’ bottles of 100 (NDC 0173-0348-43) and 500 (NDC 0173-0348-44) and unit dose 
packs of 100 tablets (NDC 0173-0348-47). 

TRANDATE Tablets should be stored between 2° and 30°C (36° and 86°F). TRANDATE Tablets in the unit 
dose boxes should be protected from excessive moisture. 
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Breast Cancer in Women After Augmentation Mammoplasty 
Melvin J. Silverstein, MD; Neal Handel, MD; Parvis Gamagami, MD; 
James R. Waisman, MD; Eugene D. Gierson, MD; Robert J. Rosser, MD; 
Robert Steyskal, MD; William Colburn, MD, Van Nuys, Calif 

Patients with augmentation mammoplasty who developed 
cancer seemed to have more advanced disease. 
Editorial Comment by LaSalle D. Leffall, Jr, MD, Washington, DC 
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Neutrophil Intracellular Kill Following Thermal Injury: Different Bactericidal Capability 
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Kevin T. Moran, MD; Maria M. Allo, MD; Thomas J. O'Reilly, MD; Diane F. Karadsheh; Andrew M. Munster, MD, Baltimore 
Neutrophils from patients who died failed to kill their own as well as laboratory organisms. 


Simple Ligation vs Stump Inversion in Appendectomy ...................LLiuuusssss RR ii 
David Street, MD; Balazs |. Bodai, MD; Leon J. Owens, MD; Daniel B. Moore, MD; 
Charles B. Walton, MD; James W. Holcroft, MD, Davis, Calif 
Adhesions requiring repeated operation for bowel obstruction occurred only 
in patients who had stump inversion. 


A Review of the Histologic Changes in Vein-to-Artery Grafts, With Particular Reference to Intimal Hyperplasia 
Rodney J. Dilley, BScHons, PhD, John K. McGeachie, BDSc, PhD, FDSRCS, Nedlands, Western Australia; 
Francis J. Prendergast, MBBS, FRACS, Perth, Western Australia 


Intimal hyperplasia developing in vein-to-artery grafts appears to be of smooth-muscle origin. 


Common Bile Duct Pressure in Patients With Common Bile Duct Stones 
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Attila Csendes, MD; Alfredo Sepulveda, MD; Patricio Burdiles, MD; Italo Braghetto, MD; 
Jorge Bastias, MD; Hans Schütte, MD; Juan C. Díaz, MD; Julio Yarmuch, MD; Fernando Maluenda, MD, Santiago, Chile 
Increased common bile duct pressures and impacted stones were characteristic 
of patients with acute suppurative cholangitis. 


Evaluation of Naloxone Therapy for Escherichia coli Sepsis in the Baboon ......................TToooooooueusssss 
Lerner B. Hinshaw, PhD; Linda T. Archer, PhD; Beverly K. Beller; Alvin C. K. Chang; Dayl J. Flournoy, PhD; 
Richard B. Passey PhD, Oklahoma City; Joseph B. Long, PhD, John W. Holaday, PhD, Washington, DC 
The opioid antagonist, naloxone, had no therapeutic 
benefit when evaluated in baboons with septic shock. 


Effects of Female Sex Hormones and Pregnancy on Gallbladder Prostaglandin Synthesis 
Eddie L. Hoover, MD; Bernard M. Jaffe, MD; Hueldine Webb, MD; David W. England, MB, ChB, Brooklyn, NY 
A high-cholesterol diet increases rabbit gallbladder prostanoid formation, 
but female sex hormones and pregnancy do not. 
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Pneumoperitoneum and Its Association With Ruptured Abdominal Viscus ...............0...0. naaraana esses 
Thomas G. Winek, MD; H. Steven Mosely MD; Gordon Grout, MD; David Luallin, MD, Portland, Ore 
Of 77 patients with free air, by x-ray only four did not have a perforated viscus. 
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Moxalactam vs Tobramycin-Clindamycin: A Randcmized Trial in Secondary Peritonitis 
Thomas A. Stellato, MD; Larry H. Danziger, PharmD; Toni Hau, MD, PhD; 
Michael W. L. Gauderer, MD; John L. Ferron, MD; Nahida Gordon, PhD, Cleveland 
Single-agent antibiotic therapy with moxalactam was as effective as 
tobramycin-clindamycin in treating patients with intra-abdominal infection. 
Editorial Comment by H. Harlan Stone, MD, Cleveland 
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Abraham Czerniak, MD; Jeremy N. Thompson, MA, FRCS; Ann P. Hemingway, FRCR; Odd Soreide, MD; 
Irving S. Benjamin, FRCS; David J. Allison, MD, FRCR; Leslie H. Blumgart, MD, FRCS, London 
Selective hepatic arterial embolization is the treatment of choice for hemobilia. 


Postoperative Acute Gastrointestinal Tract Hemorrhage and Multiple-Organ Failure ..........................0.... 722 
Eduardo Bumaschny, MD; Guillermo Doglio, MD; Jorge Pusajó, MD; Liliana Vetere, MD; 
Carlos Parra, MD; Ricardo M. Grosso, MD; Eduardo Schieppati, MD, Buenos Aires 
In this report from Argentina, postoperative upper GI tract bleeding was 
associated with sepsis and multiple-organ failure. 
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An In Vivo Pathological Report With a Note on Dynamic Predictors .........................LLuuusses ense 727 
George Pillari, MD; John B. Chang, MD; Joseph Zito, MD; Jon R. Cohen, MD; 
Kenneth Gersten, MD; Anthony Rizzo, MD; Ariadne M. Bach, MD, New Hyde Park, NY 
The relationship of thrombus volume and thrombus 
disposition to rupture remains obscure. 
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Carl A. Soderstrom, MD; Anna L. Trifillis, PhD; Belavadi S. Shankar, DSc; 
William E. Clark, MS; R Adams Cowley, MD, Baltimore 
Substance abuse is a pervasive contributor to the occurrence of trauma. 
Editorial Comment by Donald D. Trunkey, MD, Portland, Ore 
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Steven Stylianos, MD; Kenneth A. Forde, MD; 
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Bleeding was caused by pseudomembranous, ischemic, uremic, or 
opportunistic infectious colitis or idiopathic ulcers. 
Invited Editorial Comment by Robert J. Corry MD, lowa City 
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Invited Editorial Comment by Martin C. Robson, MD, Detroit 
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John Mihran Davis, MD, New York, John |. Gallin, MD, Washington, DC 
Following thermal injury there was decreased granule content and 
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Upper gastrointestinal tract strictures were treated by balloon dilatation. 
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TPN, VIVONEX" T.E.N. is truly elemental for rapid return 
to positive nitrogen balance. 


In a recent study' of 20 patients who had undergone extensive intra-abdominal 
surgical procedures, positive nitrogen balance was achieved in only 2-3 days. 
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Cefoxitin Sodium|MSD 


A unique antibiotic 
O Extensive clinical experience 


o Comprehensive Bacteroides 
fragilis group coverage* 

O Consistent activity** 
(virtually unchanged over time) 
against Bacteroides fragilis 


o No MTT side chain 


MEFOXIN is indicated for the treatment of intraabdominal, 
gynecological, lower respiratory tract, and skin and skin- 
structure infections due to designated susceptible 
organisms including members of the Bacteroides fragilis 
group. (See Brief Summary for complete listing of 
indications.) 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Beforetherapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. This 
product should be given with caution to penicillin-sensitive 
patients. 

Pseudomembranous colitis, from mild to life-threatening in 
severity, has been reported with virtually all antibiotics 
(including cephalasporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 


the facts favor 


Mefoxin % 


(Cefoxitin Sodium | MSD) 


*Percent susceptible at 16 mcg/mL: B. fragilis (9196), B. thetaiotaomicron (84%), 
B. distasonis (78%), B. vul&atus (88%), and B. ovatus (7996) —based on Antibiotic 
Susceptibility Reports, National Summary, in The Bacteriologic Report: Volume I 





1987 Totowa, NJ, BAC-DATA* Medical Information Systems, Inc., 1987 M i D 
**[n vitro activity doesnot necessarily imply in vivo effectiveness. 
R 
For a Brief Summary of Prescribing Information, $H A 
please see following page. HM 
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Indications and Usage: Teatment—Serious infections caused by susceptible strains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species 
GENITOURINARY INFECTIONS. Urinary tract infections caused by £E. coli, Klebsiella 
species. Proteus mirabilis, indole-positive Proteus (which include the organisms now 
called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 

Bear pane and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by F. coli, Klebsiella species, Bacteroides species including the B. fragilis 
ae and Clostridium species. 

YNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease. caused by F. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Voie species, Peptococcus species, Peptostreptococcus species, and group B 
S cci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacteroides species including 


the B. frag g p.* 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
icillinase pocung 
KIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g., Strep. faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including 
the B. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 
Although et ig culture and susceptibility studies should be performed, therapy may 
be started while awaiting these results. Cefoxitin is not active in vitro against most strains 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of 
cr cloacae. Methicillin-resistant staphylococci are almost uniformly resistant to 
cefoxitin. 
Prevention—Prophylactic use perioperatively (preoperatively, intraoperatively, and 
postoperatively) in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, 
transurethral prostatectomy) classified as contaminated or potentially contaminated or in 
patients in whom infection at operative site would present a serious risk, e.g., prosthetic 
arthroplasty; intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 
MEFOXIN usually should be given 14 to 1 hour before surgery and should usually be 
stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does not —— 
reduce the incidence of subsequent infection. However, in patients undergoing prosthetic 
arthroplasty, it is recommended that MEFOXIN be continued for 72 hours after the surgical 
rocedure. If there are signs of infection, specimens for culture should be obtained for 
identification of the causative organism so appropriate therapy may be instituted. 
ets a aya Previous hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics ras cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics alter normal flora of 


- colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile is 


a primary cause of antibiotic-associated colitis. Mild cases may respond to drug 
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* 
discontinuance alone; in more severe cases, management may include sigmoidoscopy, 
appropriate bacteriological studies, fluid, electrolyte and protein supplementation, and use 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other causes 
of colitis should also be considered. 

Precautions: Genera/— Total daily dose should be reduced in patients with reduced 
urinary output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions —Increased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (7 100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reported. 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. \ 
Carcinogenesis, Mutagenesis, Fertility Impairment —No long-term animal study has been *— 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times 
maximum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use —Safety and efficacy in infants from birth to three months have not yet been 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Local Reactions—Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. Allergic 
Reactions—Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and other ss 
allergic reactions including anaphylaxis. Cardiovascu/ar—Hypotension. 
Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during or 
after treatment, and, rarely, nausea and vomiting. B/ood—Eosinophilia, leukopenia 
including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may 
develop in some individuals, especially those with azotemia. Liver Function—Transient 
elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase; jaundice. Rena/ 
Function—Elevations in serum creatinine and/or blood urea nitrogen levels and, rarely, 
acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
staphylococcal and other infections involving a collection of pus, surgical drainage should 
be carried out where indicated. Intramuscular injections should be well within the body of 
a relatively large muscle such as the upper outer quadrant of the buttock (i.e., gluteus 
maximus); aspiration is necessary to avoid inadvertent injection into a blood vessel. The 
total daily dosage in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* 
vials containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. + 


* B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 


**Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
+Registered trademark of Abbott Laboratories, Inc 
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For more detailed information, consult your MSD Representative or see 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., 
INc., West Point, PA 19486 J7MF56 (125) 
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Sedates faster' 


| - Level VERSED hydroxyzine 
t Setation at 43% 19% 
(19/101) 


S5 Minutes: (64/149) 


irtually painless at 
.M. injection site’ 
ncidenceof VERSED  hydroxyzine — 
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ERSED is 3 to 4 times as potent per mg 
As diazepam. Individualize dose. Reduced 
Joses may be sufficient in the elderly and 
Jebilitated. Caution patients about driving or 
yperating hazardous machinery after receiving 


/ERSED. 
INJECTABLE 


midazolam HCl A Roche (V 


Copynght © 1988 by Hoffmann-La Roche Inc. All riqhts reserved 
ROCHE | «BORD € icio dg, Mold q^ ^. d 





= -—-— Ro T 


wh. 


a 
. 


»J Sulis 7 






division of vis asd Roche ho. pose NJ, 1986. 





VERSED* 
(brand of midazolam HCl/Roche) ( 
INJECTION 


Before 
of which follows: 


, please consult complete product information, a summary 


Intravenous VERSED has been associated with respiratory depression and respi- 
ratory arrest, especially when used for conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
pital or ambulatory care settings, including physicians' offices, that provide for 
continuous monitoring of respiratory and cardiac function. Immediate availability 
of resuscitative drugs and equipment and personnel trained in their use should be 
assured. (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concomi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to facilitate slower injection. Consult complete product information 
under DOSAGE AND ADMINISTRATION for complete dosing information. 





CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
diazepines are contraindicated in patients with acute narrow angle glaucoma; may 
be used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personnel for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures are 
taken immediately. Vital signs should continue to be monitored during the recovery 
period. Because IV VERSED depresses respiration, and opioid agonists and other 
sedatives can add to this depression, it should be administered as an induction agen: 
only by a person trained in general anesthesia and should be used for conscious 
sedation only in the presence of personnel skilled in early detection of underventila- 
tion, maintaining a patent airway and supporting ventilation. For conscious seda- 
tion, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diag- 
nostic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premedicated 
with narcotic. 

Reactions such as agitation, involuntary movements, hyperactivity and combativeness 
have been reported. These may be due to inadequate or excessive dosing or improper 
administration; however, the possibility of cerebral hypoxia or true paradoxical 
reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 

Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly. Because elderly patients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been shown to 
decrease with age, reduce initial dosage and consider possibility of a profound and/or 
prolonged effect. 

Do not administer in shock, coma, acute alcohol intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized; it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesia, whichever is longer. 

Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chlordiazepoxide) has been 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 

PRECAUTIONS: General: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 

Information for patients: Communicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcohol consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines; therefore, caution should be 
exercised regarding simultaneous ingestion of alcohol and benzodiazepines. 
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3. Inform your physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital 

and Innovar (fentanyl and droperidol). Consequently, adjust the dosage according to 

the type and amount of premedication. 
A moderate reduction in induction dosage requirements of thiopental (about 15%) t 
has been noted following use of IM VERSED for premedication. 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, VERSED 

and pancuronium have been used together in patients without noting clinically signifi- 
cant changes in dosage, onset or duration. VERSED does not protect against the 
characteristic circulatory changes noted after administration of succinylcholine or 
pancuronium, or against the increased intracranial pressure noted following adminis- 
tration of succinyicholine. VERSED does not cause a clinically significant change in 
dosage, onset or duration of a single intubating dose of succinylcholine. 

No significant adverse interactions with commonly used premedications or drugs 

used during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succinylcholine and nondepolarizing 

muscle relaxants) or topical local anesthetics (including lidocaine, dyclonine HC! and 
Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with 

clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (BO mg/kg/day) p- 
female mice had a marked increase in incidence of hepatic tumors and male rats had 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
were found after chronic use, whereas human use will ordinarily be of single or several 
doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not rec- 
ommended for obstetrical use. 

Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 years have not 
been established. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespiratory 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included ra 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients following ail 
IV and 10.8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations in blood pressure and pulse rate. 
Following IM injection: headache (1.396); local effects at IM site: pain (3.796), induration 
(0.596), redness (0.596), muscle stiffness (0.396). Following IV administration: hic- 

coughs (3.996), nausea (2.8%), vomiting (2.6%), coughing (1.396), "oversedation" 

(1.696), headache (1.596), drowsiness (1.296); local effects at the IV site: tenderness 

(5.696), pain during injection (5.096), redness (2.696), induration (1.796), phlebitis 

(0.4%). Other effects (« 196) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respirations, 

airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, tachycardia, nodal rhythm. Gastrointestinal: Acid 

taste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, 

euphoria, confusion, argumentativeness, nervousness, anxiety, grogginess, restless- 

ness, emergence delirium or agitation, prolonged emergence from anesthesia, 

dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia. 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic movements. 

of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss of balance, >=» 
lightheadedness. /ntegumentary: Hives, hive-like elevation at injection site, swelling | 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
neous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiv- 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e.g., sedation, somnolence, confusion, impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest. | * 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 

section in the complete product information. 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 
340 Kingsland Street, Nutley, New Jersey 07110-1199 
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Before | Cg Ach 
prescribing, please see full prescribing information. A Brief 
Summary follows: 

Thrombostat must not be ed! Apply on the surface of bleeding 
tissue as a solution or er. 

INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indi- 
cated as an aid in hemostasis wherever oozing blood from capillaries 
and small venules is accessible. 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contraindicated in persons 
known to bessensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals. 
PRECAUTIONS: General: Consult the absorbable gelatin sponge 
product labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure. 
— Teratogenic effects: Pregnancy Category C. Animal 
ihe riri studies have not been conducted with Thrombin, Topi- 
(Bovine). It is also not known whether Thrombin, Topical (Bovine) 
can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Thrombin, Topical (Bovine) should 
be given to a pregnant woman only if clearly indicated. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: An allergic type reaction following the use of 
Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 
DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximately 100 units per 
ml are frequently used. For this, 10 ml of diluent added to the 1000 unit 
package is suitable. Where bleeding is profuse, as from cut surfaces 
of liver and spleen, concentrations as high as 1000 to 2000 units per ml 
may be required. For this the 5000 unit vial dissolved in 5 ml or 2.5 ml 
respectively, of the diluent supplied in the package is convenient. 
Intermediate strengths to suit the needs of the case may be prepared 
by selecting the proper strength package and dissolving the contents 
in an appropriate volume of diluent. In many situations, it may be 
advantageous to use Thrombostat (Thrombin, USP) in dry form on 
oozing surfaces. 
Caution: Solutions should be used the day they are prepared. The 
solution may be used for up to 6 hours when stored at room tempera- 
ture; up to 24 hours when stored under refrigeration, and, if neces- 
, up to 48 hours when stored frozen. 
e following techniques are suggested for the topical application 
of Thrombostat. 
l. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat is applied. 
2. A spray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effective hemostasis 
resuits when the Thrombostat mixes freely with the blood as soon as 
it reaches the surface. 
3. In instances where Thrombostat in dry form is needed, the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up into 
a powder by means of a sterile glass rod or other suitable sterile 
instrument. 
4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge, USP as follows: 

1. Prepare Thrombostat solution of the desired strength. 

2. Immerse apace strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened gloved fin- 
gers to remove trapped air, thereby facilitating saturation of the 


sponge. 
3. Apply saturated sponge to bleeding area. Hold in place for 10 to 15 
seconds with a pledget of cotton or a small gauze sponge. 
Thrombostat Kit: Thrombostat Kit contains one sterile 20,000 unit vial 
of Thrombostat, one sterile vial of Isotonic Saline Diluent, and one 
sterile pump sprayer cap. The Kit may be used as follows: 

|. Remove the Tyvek blister lid by pulling up at the indicated corner. 
i inner tray can be lifted out or introduced into the operat- 
ing fie 

2. The cover to the sterile inner tray is removed by pulling up on 

the finger tab, exposing the sterile contents. 

3. Thrombostat solution of the desired strength is prepared and the 
pump sprayer cap inserted and seated on the Thrombostat solution 
vial. Note: Several strokes of the pump rover will be required 
before the Thrombestat solution is expelled. 

4. Alternatively, when Thrombostat in dry form is needed, the vial is 
opened as described above and the dried Thrombostat broken up 
into a powder by means of a sterile glass rod or other suitable sterile 
instrument. 4173G014 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'l encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 
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We are the Southern California Permanente Medical 
Group, an HMO multispecialty group partnership composed 
of and managed by SCPMG physicians. 

We currently have openings for board eligible/certified 
Ambulatory Care Surgeons with limited participation in a | 
hospital setting. You will perform minor surgical procedures / 
in the office, including biopsies of questionable lesions and 
removal of superficial masses. You will also act as an outpa- 
tient consultant to the Primary Care Department, and handle 
minor trauma cases. 

Our compensation is competitive and benefits are 
outstanding. They include: professional liability, medical and 
dental coverage, vacation and sick leave, continuing education, 
life insurance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please contact Megan Evans 
at (818) 405-3224 or forward your curriculum vitae to: Physi- 
cian Recruitment, Dept. TIES, Walnut Center, Pasadena, 

CA 91188-8854. 


Equal Opportunity Employer N/F/H. 
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in more hospitalized patients than any other... 
the agent you know the best: ‘Tagamet : 


Before prescribing, please see brief summary of prescribing 
information at the end of this advertisement. 
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See complete prescribing information in SK&F LAB CO. literature or PDR. The follow- 
ing ts a brief summary. 


Contraindications: ‘Tagamet’ is contraindicated for patients known to have hypersensitivity to 
the product. 

Precautions: Rzre instances of cardiac arrhythmias and hypotension have been reported follow- 
ing the rapid administration of ‘Tagamet’ HCI [brand of cimetidine hydrochloride) Injection by intra- 
venous bolus. 

Symptomatic response to Tagamet’ therapy does not preclude the presence of a gastric malig- 
nancy. There have been rare reports of transient healing of gastric ulcers despite subsequently 
documented malignancy. 


Reversible confusional states have been observed on occasion, predominantly in severely ill 
patients. 


Tagamet’ has been reported to reduce the hepatic metabolism of warfarin-type anticoagulants, 
phenytoin, propranolol, chlordiazepoxide, diazepam, certain tricyclic antidepressants, lidocaine, 
theophylline and metronidazole. Clinically significant effects have been reported with the warfarin 
anticoagulants; therefore, close monitoring of prothrombin time is recommended, and adjustment 
of the anticoagulant dose may be necessary when ‘Tagamet’ is administered concomitantly. Inter- 
action with phenytoin, lidocaine and theophylline has also been reported to produce adverse clini- 
cal effects. 

However, a crossover study in healthy subjects receiving either ‘Tagamet’ 300 mg. q.i.d. or 800 mg. 
h.s. concomitantly with a 300 mg. b.i.d. dosage of theophylline (Theo-Dur*, Key Pharmaceuticals, 
Inc.] demonstrated less alteration in steady-state theophylline peak serum levels with the 800 mg. 
h.s. regimen, particularly in subjects aged 54 years and older. Data beyond ten days are not avail- 
able. (Note: All patients receiving theophylline should be monitored appropriately, regardless of 
concomitant drug therapy.) 

in a 24-month toxicity study in rats, at dose levels approximately 8 to 48 times the recommended 
human dose, benign Leydig cell tumors were seen. These were common in both the treated and 
control groups, and the incidence became significantly higher only in the aged rats receiving 
Tagamet’ 

in human studies, ‘Tagamet’ has been shown to have no effect on spermatogenesis, sperm count, 
motility, morphology or in vitro fertilizing capacity. 

Pregnancy Category 8: Reproduction studies have been performed in rats, rabbits and mice at 
doses up to 40 times the normal human dose anc have revealed no evidence of impaired fertility or 
harm to the fetus due to ‘Tagamet’. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human re- 
sponse, this drug should be used during pregnancy only if clearly needed. 


Lack of experience to date precludes recommending ‘Tagamet’ for use in children under 16 unless 
anticipated benefits outweigh potential risks, generally, nursing should not be undertaken by 
patients taking the drug since cimetidine is secreted in human milk. 

Adverse Reactions: Diarrhea, dizziness, somnolence, headache. Reversible confusional states 
[e.g., mental confusion, agitation, psychosis, depression, anxiety, hallucinations, disorientation), 
predominantly in severely ill patients, have been reported. Reversible impotence in patients with 


Effective control of gastric pH with up to 
q8h dosing. 


pathological hypersecretory disorders receiving ‘Tagamet’, particularly in high doses, for at least 12 
months, has been reported. The incidence of impotence and gynecomastia in large-scale surveil- 
lance studies at regular doses has not exceeded that commonly reported in the general population. 
Decreased white blood cell counts in ‘Tagamet’-treated patients (approximately | per 100,000 pa- 
tients), including agranulocytosis (approximately 3 per million patients), have been reported, in- 
cluding a few reports of recurrence on rechallenge. Most of these reports were in patients who had 
serious concomitant illnesses and received drugs and/or treatment known to produce neutropenia. 
Thrombocytopenia (approximately 3 per million patients) and, very rarely, cases of aplastic anemia 
have also been reported. increased serum transaminase has been reported. Reversible adverse he- 
patic effects, cholestatic or mixed cholestatic-hepatocellular in nature, have been reported rarely. 
Because of the predominance of cholestatic features, severe parenchymal mjury is considered 
highly unlikely. A single case of biopsy-proven periportal hepatic fibrosis in a patient receiving 
‘Tagamet’ has been reported. increased plasma creatinine has been reported. Rare cases of fever, in- 
terstitial nephritis, urinary retention, pancreatitis and allergic reactions, including anaphylaxis and 
hypersensitivity vasculitis, have been reported. Reversible arthralgia, myalgia and exacerbation of 
joint symptoms in patients with preexisting arthritis have been reported rarely. Rare cases of poly- 
myositis have been reported, but no causal relationship has been established. Mild rash and, very 
rarely, cases of severe generalized skin reactions (e.g., Stevens-Johnson syndrome, epidermal necro- 
lysis, erythema multiforme, exfoliative dermatitis and generalized exfoliative erythroderma) have 
been reported with H ,-receptor antagonists. Reversible alopecia has been reported very rarely. 


How Supplied: Tablets: 200 mg. tablets in bottles of 100; 300 mg. tablets in bottles of 100 and 
Single Unit Packages of 100 (intended for institutional use onlyJ; 400 mg. tablets in bottles of 60 
and Single Unit Packages of 100 (intended for institutional use only], and 800 mg. Tiltab® tablets in 
bottles of 30 and Single Unit Packages of 100 (intended for institutional use only]. 


Liquid: 300 mg./5 mL., in 8 fl. oz. (237 mL.) amber glass bottles and in single-dose units (300 mg./ 
5 mL J, in packages of 10 (intended for institutional use only]. 


Injection: 
Vials: 300 mg./2 mL. in single-dose vials, in packages of 10 and 30, and in 8 mL. multiple-dose 
vials, in packages of 10 and 25. 


Prefilled Syringes: 300 mg./2 mL. in single-dose prefilled disposable syringes. 


Single-Dose Premixed Plastic Containers: 300 mg. in 50 mL. of 0.996 Sodium Chloride in 
single-dose plastic containers, in packages of 4 units. No preservative has been added. 


Exposure of the premixed product to excessive heat should be avoided. It is recommended the 
product be stored at controlled room temperature. Brief exposure up to 40°C does not adversely 
affect the premixed product. 


ADD-Vantage" * Vials: 300 mg./2 mL. in single-dose ADD-Vvantage® Vials, in packages of 25. 


Tagamet’ HCI (brand of cimetidine hydrochloride) Injection À hic d in single-dose plastic contain- 
ers is manufactured for SK&F Lab Co. by Baxter Healthcare Corporation, Deerfield, IL 60015. 


*ADD-Vantage is a trademark of Abbott Laboratories. 
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Original Articles 


Breast Cancer in Women After 
Augmentation Mammoplasty 


Melvin J. Silverstein, MD; Neal Handel, MD; Parvis Gamagami, MD; James R. Waisman, MD; 
Eugene D. Gierson, MD; Robert J. Rosser, MD; Robert Steyskal, MD; William Colburn, MD 


e More than 1 million American women have undergone 
augmentation mammoplasty; 100000 (10%) will develop or 
already have developed breast cancer. Between March 1981 
and August 1986, 20 patients with previous augmentation 
mammoplasty were treated for breast carcinoma. All patients 
had unilateral infiltrating carcinomas and presented with a 
palpable mass. None of the cancers were occult (discovered 
mammographically). Thirteen patients (65%) had metastases 
to axillary lymph nodes. During the same period, 733 nonaug- 
mented patients with breast cancer were treated: 207 (28%) 
had involved axillary nodes, 194 (26%) had in situ lesions, and 
154 cancers (21%) were occult. Augmentation mammoplasty 
with silicone-gel-filled implants reduces the ability of mam- 
mography, our best diagnostic tool, to visualize breast 
parenchyma. When compared with our own nonaugmented 
breast cancer population, augmented patients with breast 
cancer presented with more advanced disease; they had a 
higher percentage of invasive lesions and positive axillary 
nodes, resulting in a worsened prognosis. 

(Arch Surg 1988;123:681-685) 


ince the development of modern silicone-gel-filled pros- 
theses in the early 1960s, more than 1 million American 
women have undergone augmentation mammoplasty.'^ One 
hundred thousand (10%) can be expected to develop or 
already have developed breast cancer. Epidemiologie and 
biochemical studies have shown that augmentation with 
silicone-gel-filled implants does not cause breast cancer.*? 
Radiologic studies have been mixed, some suggesting that 
augmentation interferes with the interpretation of mam- 
mograms"'* and others suggesting that it does not." 
Mammography is our best diagnostic tool. The most 
favorable cancers (occult nonpalpable lesions) are found by 
mammography alone in an asymptomatie screening popula- 
tion. There must be concern about any procedure that 
might interfere with the ability to perform and interpret 


. this test. 


To date, no study has addressed prognosis in augmented 
women who develop breast cancer. MeGrath and Burk- 
hardt," in their review of the safety and efficacy of augmen- 
tation, raised but did not answer some important questions. 
Could an implant alter the course of breast cancer? Does it 
delay the detection of carcinoma in the overlying breast? 
Can an implant beneath a breast with cancer change the 
prognosis by affecting the rate of dissemination of tumor 
emboli through either the lymphatic or vascular system? 
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METHODS 
The Treatment Facility 


The Breast Center, located in Van Nuys, Calif, is a multi- 
disciplinary health care facility that specializes in treating women 
with a variety of breast problems.” More than 200 women with 
breast cancer are seen annually. All outside biopsy material and 
mammograms were reviewed by our staff. 


Study Population 


The study population included all patients with breast cancer 
treated at The Breast Center during a 66-month period between 
1981 and 1986. Age-adjusted controls were obtained by eliminating 
older, nonaugmented patients with breast cancer. 


Statistical Analysis 


Statistical analysis was performed using the x? method. 


RESULTS 


From March 1, 1981, through Aug 31, 1986 (66 months), 
The Breast Center staff treated 753 patients with biopsy- 
proved breast cancer. Twenty of these patients previously 
had undergone subglandular augmentation mammoplasty 
with silicone-gel-filled prostheses. The 20 ranged in age 
from 33 to 65 years (mean, 45 years). Augmentation mam- 
moplasty had been performed anywhere from six months to 
15 years previously (mean, 6.9 years). 

All patients with cancer who had undergone previous 
augmentation were symptomatic, presenting with a palpa- 
ble mass that they reported having been present from seven 
days to two years (mean, 123 days). Eleven patients re- 
ported their tumors to have been present for less than three 
weeks; nine patients stated they had been aware of their 
tumors for at least two months. No augmented patient with 
cancer presented with an “occult” nonpalpable lesion dis- 
covered mammographically. The degree of capsular scar 
(grades 1 through 4) was assessed in each case. Ten patients 
had significant capsules: grades 3 or 4. 

Fourteen patients underwent biopsies elsewhere prior to 
referral to The Breast Center Mammography was per- 
formed prior to biopsy in 15 of 20 cases; in ten patients, 
the palpable lesion was seen mammographically; in five, it 
was not visualized. 

Fine-needle aspiration biopsy was attempted in eight 
cases; in seven, malignant cells were seen. Fine-needle 
aspiration did not cause injury to any of the underlying 
implants. 

All cancers were invasive (17 infiltrating ductal, three 
infiltrating lobular) ranging in size from 0.8 to 7.0 em 
(mean, 2.7 cm; median, 2.5 em). No in situ (noninvasive) 
lesions were found. There was sufficient tumor present to 
perform estrogen and progesterone receptor analysis on 17 
specimens. Eight patients had both receptors positive, one 
patient had a positive progesterone receptor and negative 
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estrogen receptor, and eight patients had both receptors 
negative. Lymphatic i invasion, within or around the tumor, 
was seen in ten patients, eight of whom had positive nodes. 

Five additional patients in whom intramammary lymphatic 


Mean Ln 
No. of nodes 


removed 
No. (96) with 
positive nodes 
Average No. of 
positive nodes 
No. (96) with 
in situ carcinoma 


No. (96) with 
occult carcinoma 


13 (65) 207 (28) 


194 (26) 


154 (21) 
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invasion could not be demonstrated also had positive axil- 
lary lymph nodes. Overall, 18 (65%) of 20 patients had 
involved axillary lymph nodes. 

Eleven augmented patients with cancer were treated by 
modified radical mastectomy, while nine elected breast 
conservation (lumpectomy, axillary lymph node dissection, 
and radiation therapy). Twelve of 13 patients with positive 
axillary lymph nodes received adjuvant chemotherapy. In 
addition, two patients with lymphatic invasion and negative 
nodes also received chemotherapy. In five patients cancer 
recurred; three were treated by mastectomy, and two were 
treated by breast conservation. Two patients have died 
(median follow-up, 18 months; mean follow-up, 23 months). 

During the same period, 733 nonaugmented patients 
(mean age, 54 years) were treated for breast cancer; 207 
(28%) of these patients had metastases to axillary lymph 
nodes. One hundred fifty-four (21%) of these patients had 
occult (nonpalpable) cancers, and 194 (26%) had in situ 
(noninvasive) cancers. : 

Sixty-five percent of the augmented patients had involved 
axillary nodes, compared with 28% for the nonaugmented 
group (P«.001) No occult or noninvasive cancers were 
found in the augmented group, compared with 2196 occult 


Table 2.—Augmented Patients With Palpable Cancer vs All Age-Adjusted Controls 


Patients With 
Augmented 
T Cancers 


Total patients 

Mean age, y 

Mean size, cm 

No. of nodes removed 16.4 

No. (96) with atn nodes 13 (65) 
5.6 
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Table 3.—Augmented Patients With Palpable Cancer vs Age-Adjusted Controls With Nonpalpable Cancer 
Augmented Patients With 


Table 4.—Augmented Patients With Palpable Cancer vs Age-Adjusted Controls With Palpable Cancer 


Augmented Patients With 


Total ET 


2.9 3.3 


Nonaugmented Age-Adjusted 
Controls With Palpable and 
Nonpalpable Cancers 


331 


17.3 
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84 (25) 
83 (25) 













Nonaugmented Controls With 
PS Cancers 









ht 
16.2 










Age-Adjusted Controls With 
ee Cancers Only 






P Value 







17.7 







Breast Cancer—Silverstein et al 


(P<.05) and 26% noninvasive (P<.01)-cancers in the non- 
augmented group. There was no difference in tumor size, 
number of nodes removed, or number of positive nodes if 
involved nodes were found. The nonaugmented group, 
however, was 9 years older than the augmented group 
(Table 1). 

To overcome this defect, 331 age-adjusted controls (mean 
age, 45 years) were selected by eliminating patients over 
the age of 58 years from the nonaugmented group (Table 2). 


Fig 1.—Preaugmentation mammogram of patient with medium- 
sized breast. 
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Eighty-thrée (25%) of these patients had occult cancers 
(P<.05) (nonpalpable tumors found mammographically and 
from which biopsy specimens were obtained using hooked 
wire-directed techniques)"; 84 patients (25%) had in situ 
cancers (P<.01), while 87 patients (26%) had involved 
axillary nodes (P<.001). 

The 88 patients with occult carcinoma in the age-adjusted 
group represent "state of the art" in terms of what can be 
accomplished mammographically at the present time. 
Fifty-seven (69%) of them had noninvasive lesions (P<.001); 
only three (4%) had involved axillary lymph nodes (P<.001). 
The mean tumor size in the occult group was 1.72 cm. When 
these patients, who represent the optimum in diagnosis, 
are compared with the augmented group, there is a vast 
difference in favor of the occult group (Table 3). 


Fig 2.—Postaugmentation mammogram revealing approximately 
5096 reduction in visualized breast tissue. 
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By removing these favorable patients with occult lesions, 
a second age-adjusted control group of 248 patients, all with 
palpable tumors (similar to the augmented group) was 
established (Table 4). When comparing nodal positivity, 
there continued to be a significant statistical difference. 
Eighty-four (34%) of 248 age-adjusted controls with palpa- 
ble tumors had involved axillary nodes, compared with 65% 
of the augmented group (P<.01). However, the number of in 
situ lesions in this control group, 31 (13%), was no longer 
statistically different when compared with none in the 
augmented group (P<.1). There was no difference in age, 
tumor size, number of nodes removed, or number of positive 
nodes if involved nodes were found. 


COMMENT 


Mammographic detection of nonpalpable breast cancer 
permits earlier diagnosis and almost certainly reduces 
mortality.*” The development of low-dose film-screen 
mammography and support by The American Cancer Soci- 
ety for screening of a younger age has led to an increased 
discovery of occult neoplasms, many of which are noninva- 
sive. These occult tumors have a far better prognosis than 
palpable lesions, most of which are invasive.?^?! 

Augmentation mammoplasty with silicone-gel-filled im- 
plants makes film-screen mammography, our best diag- 
nostic tool, less sensitive. The implant causes a radiopaque 
"shadow" that obscures good visualization of a significant 
portion of the breast"? (Figs 1 and 2). The amount of breast 
tissue that cannot be visualized mammographically is af- 
fected by a variety of factors, including the size of the 
breast, its relative glandularity vs fat content, and the size 
and position of the implant (in front of or behind the 
pectoralis major muscle). The smallest breasts may have as 
much as 50% to 75% of their parenchyma radiologically 
obscured as they “wrap around" the implant; larger breasts 
have less (20% to 50%). The implant shadow obscures more 
breast tissue when the prosthesis is in front of the muscle 
(retromammary/subglandular) rather than behind it. Plac- 
ing the implant behind the pectoralis major muscle (sub- 
muscular) reduces the shadow but does not completely 
eliminate the blind area. Larger implants obscure more 
breast tissue than smaller implants. 

When asymptomatic women are screened mammograph- 
ically, the commonest finding leading to open breast biopsy 
is mierocalcifications. Forty to sixty percent of wire- or dye- 
directed breast biopsies are performed for this reason; 2096 
to 35% of these biopsies reveal cancer.”” Unfortunately, 
microcalcifications are easily obscured by the radiopaque 
silicone shadow. 

In addition, the presence of the implant compresses 
overlying breast tissue, particularly fat, creating a homoge- 
neously dense organ, roentgenographically devoid of con- 
trast. Compression obliterates the fine trabecular pattern 
of the breast, making architectural distortions almost im- 
possible to see. 

Only ten (67%) of 15 cancers in the augmented group were 
seen mammographically. Eighty-nine percent of 3557 can- 
cers found by The Breast Cancer Detection Demonstration 
Project were correctly identified mammographically.^ In 
our experience, using overpenetrated mammography” and 
spot films, 90% to 95% of palpable cancers can be visualized 
mammographically in nonaugmented women. 

A scar tissue capsule forms to a variable degree around all 
implants. The more intense this reaction is, and it is 
significant in 3046 to 60% of patients," the more difficult is 
mammographic interpretation. Scar tissue encapsulation 
also makes breast self-examination and physician examina- 
tion more difficult. Leakage of small amounts of free 


684 Arch Surg— Vol 123, June 1988 


silicone from the prosthesis occurs occasionally? and fur- 
ther complicates matters, causing palpable and radiopaque 
masses (siliconomas). 

The fact that no in situ (noninvasive) and no occult lesions 
(detected by mammography only) were found in the aug- 
mented group, compared with 2696 (P —.01) in situ and 21% 
(P<.05) occult lesions in the nonaugmented group, sug- 
gests that cancer in the augmented patient may be diag- 
nosed later in its natural history than in the average 
patient. The increased percentage of nodal metastases in 
the augmented group supports this conclusion. The aug- 
mented group continues to fare worse even when compared 
with the age-adjusted controls with palpable tumors (occult 
cancers deleted): 65% nodal positivity compared with 34% 
(P«.01. These data, while statistically significant, are 
based on only 20 augmented patients with cancer, and we 
would caution against drawing any firm conclusion at this 
time. 

Augmented patients may have given up access to state of 
the art mammographic diagnosis, in which 30% to 60% of 
the cancers found are noninvasive and nodal positivity 
ranges from only 4% to 2195.7779 Rather, augmented 
patients with cancer are more typical of patients seen in 
1970, 50% of whom presented with axillary metastases.” 

Similar size measurements in each group suggest that the 
tumors were all of a similar age. Tumor size, however, may 
have little meaning in the augmented patient. Compression 
of breast parenchyma by the implant may inhibit the linear 
growth of tumors, yielding an artifactually small measure- 
ment. A more disquieting possibility is that the presence of 
the implant may in some way impair the natural mechanical 
or immunological characteristics of the lymphatic or 
vascular system, contributing to earlier nodal or systemic 
metastases. This is an important area for further investiga- 
tion. 

Prior to augmentation, all women considering the proce- 
dure should be apprised of the risks and complications of 
augmentation mammoplasty from a cosmetic point of view. 
In addition, the plastic surgeon should inform every patient 
that if breast cancer is destined to develop, it is possible that 
its diagnosis may be delayed when compared with state of 
the art mammographic diagnosis available in nonaug- 
mented patients. Consideration should be given to recom- 
mending against augmentation in patients with an in- 
creased likelihood of developing breast cancer, for example, 
patients with a family history of the disease, patients with a 
history of previous contralateral breast cancer, including 
lobular carcinoma in situ, or patients with previous biopsy 
evidence of atypical epithelial hyperplasia. In high-risk 
patients who elect augmentation, careful informed consent _ 
must be obtained. Whenever possible, the implant should 
be placed in the submuscular position, behind the pectoralis 
major. 

Preoperative mammography should be performed on all 
augmented patients over the age of 30. Postoperatively, 
high-risk patients should ideally be followed up by physi- 
cians experienced with augmented patients who have had 
breast cancer. Mammography should be performed yearly 
after age 35 in all augmented patients (age 30 in high-risk 
patients). 

Biopsy specimens should be obtained from all palpable 
lesions, even those of minimal suspicion, and from all 
mammographic abnormalities in augmented women. 


John Landsverk, PhD, performed the statistical analyses. 
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Editorial Comment 


There have been numerous articles in the surgical literature 
stating that breast reconstruction following mastectomy does not 
interfere with early detection of local recurrence in the operative 


' Site. However, there has been little information concerning the 


important topic these authors address, ie, breast cancer in patients 
following augmentation mammoplasty. With the fairly common use 
of augmentation mammoplasty, the medical and surgical commu- 
nity should be aware of the authors' findings that these patients, 
when compared with the nonaugmented group with breast cancer, 
present with cancers that are advanced and more invasive. That 
the silicone implant causes a radiopaque shadow interfering with 


mammographic detail is the likely reason for the later detection 
of breast cancer in these patients. Placement of the implant behind 
the pectoralis major muscle appears to reduce the obliteration of 
detail noted on mammography. In this era of more detailed 
informed consent, surgeons should notify patients of this potential 
occurrence. Further, it seems prudent not to recommend augmen- 
tation mammoplasty in high-risk patients. Observation of similar 
patients by other groups is essential to determine if these findings 
can be replicated. 

LASALLE D. LEFFALL, JR, MD 

Washington, DC 
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The Natural History of Teflon Catheter-Associated Phlebitis in Children 


David B. Nelson, MD, MSc, Jeffery S. Garland, MD 


During a prospective evaluation of intravenous therapy with peripheral Teflon catheters in children, we 
found 30 episodes of phlebitis (10.4%). This rate is less than that reported in adults. Catheter colonization was 
not related to phlebitic episodes, and catheter-related infections did not occur. No patient's hospital course was 
prolonged because of phlebitis. Thirty percent of the episodes developed after the catheter was removed, and 
premonitory symptoms were not helpful in predicting the onset of phlebitis. Factors associated with an 
increased phlebitic risk were parenteral nutrition, administration of nafcillin sodium or aminoglycosides, and 
patient age. Parenteral nutrition prolonged the course of phlebitis. No factors hastened the onset of phlebitis. 
The duration of cannulation was not significantly related to phlebitis, suggesting that in some children the 
catheters can remain in place longer than 72 hours (AJDC 1987;141:1090-1092). 

Reprint requests to Division of Pediatrics, Children's Hospital of Wisconsin, 1700 W Wisconsin Ave, Milwaukee, WI 53233 


(Dr Nelson). 
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Neutrophil Intracellular Kill 
Following Thermal Injury 


Different Bactericidal Capability for Patients Organisms and 


Laboratory Organisms 


Kevin T. Moran, MD; Maria M. Allo, MD; Thomas J. O'Reilly, MD; Diane F. Karadsheh; Andrew M. Munster, MD 


e Sixteen patients with septic complications of severe ther- 
mal injury were studied with respect to neutrophil intracellu- 
lar-killing power against clinical isolates from the patients 
themselves and against other laboratory organisms. Simul- 
taneous measurements of neutrophil chemotaxis, helper/sup- 
pressor lymphocyte ratios, and serum IgG concentrations 
were also carried out. Neutrophils from patients who survived 
had diminished intracellular-killing capacity for their own 
organisms, but normal capacity for killing laboratory organ- 
isms either matched or unmatched with the patients’ own 
isolate’s species. In these patients, the chemotactic index, the 
lymphocyte helper/suppressor ratio, and the serum IgG con- 
centration remained within normal limits. Neutrophils from 
patients who died failed to kill their own, as well as laboratory, 
organisms. In these patients, the chemotactic index, lympho- 
cyte helper/suppressor ratio, and IgG concentration were 
significantly diminished. The biological implications of these 
findings are noted. 

(Arch Surg 1988;123:686-688) 


eutrophil bactericidal capacity is an important com- 

ponent of the host-defense mechanism against bac- 
terial infection. In patients with severe thermal injury, 
impairment of this capacity has been demonstrated in 
many reports and correlated with the increased incidence 
of sepsis; in other reports, however, this correlation has 
not been readily demonstrated. 

Assays of neutrophil intracellular—killing power are cus- 
tomarily performed using bacteria carried in investigators’ 
laboratories, obtained from previous clinical isolates. We 
now wish to report that the intracellular-killing power of 
neutrophils of patients with severe burns differs according 
to whether it is tested against clinical isolates infecting the 
patient or against standard laboratory organisms. In ad- 
dition, we have correlated the intracellular-killing power 
of neutrophils -with the chemotactic index, lymphocyte 
helper/suppressor ratio, and serum IgG concentration. The 
results suggest that the patient with a burn injury has a 
diminished intracellular-killing capability for organisms 
with which he or she is infected; however, septic death does 
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not occur until all organisms fail to be killed 
neutrophil, at which time the environmental mil 
terms of immunoglobulin concentration, T4/8 rat 
chemotactic index, is also suboptimal. 


PATIENTS, MATERIALS, AND METHODS 


Sixteen patients from the Baltimore Regional Burn C 
whom the diagnosis of sepsis could be made were studie 
1985 and 1986. The diagnosis of sepsis was based on the | 
fulfilling one or more of the following three criteria: (1) 
blood cultures; (2) wound biopsy specimens of 105 organi 
gram or more, accompanied by clinical evidence of sepsis, 
hypotension, hypothermia, fever, leukocytosis, leukop: 
paralytic ileus; and/or (3) pneumonia accompanied by a 
burn wound biopsy specimens of greater than 105 organi 
gram. 

In selecting the above criteria for the diagnosis of se 
recognize the difficulty of this diagnosis in patients wit] 
We are particularly cognizant of the fact that burn woun: 
specimens with organisms over 105/g, per se, do not indicat 
However, the coexistence of an abnormal quantitative bur 
biopsy specimen with accepted systemic signs of sepsis, 
listed under criterion 2, or the coexistence of pneumonia 
abnormal burn wound biopsy specimen, is usually taken to 
the presence of sepsis. Because we were interested in inves 
systemic changes in immunological status, the precise s 
sepsis is of secondary importance in this study. 

There were 12 male and four female patients, with an aj 
of 1 to 77 years (mean age, 29.1 years) and burns involv 
to 90% of the total-body surface (mean, 43.4%). All patie 
been resuscitated according to the Parkland formula, nu 
support was provided enterally or parenterally as necess 
aggressive excisional surgery was performed. Burn wour 
sampled twice weekly for quantitative culture, and cultui 
taken from other sites as clinically indicated. Antibioti 
used for specific clinical indications. 

Neutrophils and lymphocytes were obtained from pe 
venous blood collected in a heparinized container and all 
sediment. The plasma was then centrifuged over a lym 
separation medium (LSM Bionetics Lab Products, Ken 
Md) for 30 minutes at 150 g at room temperature. Neutro 
lymphocytes were harvested, washed, and counted; the per 
viability was determined using the trypan blue exclusi 
nique. Final solutions for assays contained 5 x 10° cells p 
liter in Hanks’ balanced salt solution. 

Bactericidal assays were performed on the day after | 
organisms had been isolated and identified. These assa 
pared the ability of neutrophils to kill organisms that were 
from blood, urine, sputum, burn wound, or intravascu) 
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% Intracellular Kill by Patient Cells of 
=? .— xc 


Laboratory 
Patient 


Organisms Organisms 


aureus 


Enterobacter cloacae 
Pseudomonas aeruginosa 
P aeruginosa 
Streptococcus faecalis 
Candida albicans 
E cloacae 
P aeruginosa 
C albicans 
E cloacae 

Mean + SE pig 


Patient Staphylococcus 
Escherichia coli 


Patients Who Died 
30 


IgG 
Concentration, 
g/L (mg/dL) 


Laboratory Chemotactic 
Index 


7.70 (770) 


6.15 (615) 


5.50 (550) 


33+ 18T 0.31+0.01 1.28+0.21¢ 5.98+0.72 (598--72)t 


Patients Who Survived§ 
1 C albicans 100 0.8 0.01 (1.000) 


20 100 2.4 j 


Mean - SE 14.2 + 13|| 80 ^ 12 


82-714 0.76+0.06 1.97+0.21 9.38+0.62 (938-62) 





*Patients organisms compared with either laboratory organism, P>.05, not significant. 


TP«.01 compared with unburned normal controls. 
t£P«.05 compared with unburned normal controls. 
§Where patients and laboratory organisms were nonmatching. 


|P«.01 compared with laboratory organisms or normal controls. Remaining data not significant with normal controls. 


Table 2.—Data From Patients Who Survived Septic Episodes* 


% Intracellular Kill 
by Patient Cells of 


Patient 
Organism 


Laboratory 
Organism 


/ 


IgG 
Concentration, 
g/L (mg/dL) 


Chemotactic 
Index 


1 Staphylococcus aureus 30 80 0.85 2.5 9.64 (964) 
2 Escherichia coli 0.95 9.96 (996) 


3 Pseudomonas aeruginosa 


90 2.8 
25 90 0.9 2.9 


8.10 (810) 


4 Enterobacter cloacae 40 85 0.85 2.8 11.15 (1115) 
40 90 2.6 


5 Candida albicans 
Mean + SE 
*Where patients and laboratory organisms were matching. 





0.95 
0.90.15 


9.90 (990) 


27-2 9.80 + 1.02 (980 + 102) 


tP<.01 compared with laboratory organism or normal control. Remaining data not significant compared with normal controls. 


with the ability to kill standard laboratory organisms. Standard 
laboratory organisms (initially Staphylococcus aureus and Esch- 
erichia coli; later with Pseudomonas aeruginosa, Enterobacter 
cloacae, and Candida albicans added) and patients organisms 
were incubated in Mueller-Hinton broth (Difco Laboratories, 
Detroit) for 18 hours. 

These organisms are stock strains, used by our microbiology 
laboratory for daily routine sensitivity tests; these cultures were 
fresh, grown overnight, and standardized as detailed below. 

The bacteria were then harvested by centrifugation at 1200 g 
for 15 minutes at 4°C. Final bacterial concentrations were adjusted 
to 5x10" colony-forming units per milliliter using a spectropho- 
tometer. Bactericidal assays were performed by incubating organ- 
isms and neutrophils in a ratio of 5:1 in the presence of opsonin 
(pooled human serum) for two hours in a shaking water bath at 
37°C, after which the suspension lysed in 0.1% gelatin (in distilled 
water), was dispersed, then plated, and incubated for an additional 
18 hours. Control plates were incubated with organisms only, and 
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the percentage of organisms killed was determined from the 
colony counts on the reaction and control plates. 

Neutrophils from normal laboratory volunteers served as con- 
trols. The mean + SE chemotactic index of normal neutrophils in 
our laboratory is 0.91+0, percent intracellular kill of E coli is 
94% + 296, and percent kill of S aureus is 9196 + 596. 

Neutrophil chemotaxis under agarose was determined according 
to the method described by Nelson et al,? and the chemotactic 
index was calculated by expressing the directed neutrophil migra- 
tion of patients cells as a fraction of the control value. 

Lymphocytes were labeled with monoclonal antibodies (Ortho 
Pharmaceutical Corp, Raritan, NJ) as follows: OKT3 pan, which 
reacts with all peripheral T lymphocytes; OKT4 identifies the 
helper T-cell population; and OKTS identifies the suppressor/ 
cytotoxic T-cell population. The antibody reactive cells were 
analyzed by flow cytometry (FACS analyzer, Becton-Dickinson, 
Mountain View, Calif), with control OKT3-positive cells having 
been used to adjust the cytometer gate to the size of mature 
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T lymphocytes. Circulating IgG levels were measured by nephe- 


lometry. 

Statistical analysis was performed by comparing the percentage 
kill of organisms by analysis of variance; chemotaxis, serum IgG 
concentration, and helper/suppressor ratios were analyzed by the 
Student's ft test. 


RESULTS 


The results are summarized in Tables 1 and 2. Table 1 
shows the four patients who died of sepsis. These patients 
neutrophils clearly failed to kill either their own or the 
laboratory organisms. There was no statistically significant 
difference between the failure of kill of either type of 
organism in this setting. However, there was a statistically 
highly significant diminution of killing power vs normal 
laboratory controls. In this group, there was also a signif- 
icant diminution in the chemotactic index, helper/suppres- 
sor ratio, and serum IgG concentration when compared 
with normal laboratory controls. 

Table 1 also shows a group of seven patients who survived 
their sepsis and recovered to leave the hospital. In this 
group of patients, the infecting organisms did not match 
the two laboratory organisms tested simultaneously 
(S aureus and E coli). There was a statistically significant 
diminution in the neutrophils ability to kill the patients 
own organisms vs the standard laboratory organisms, while 
the neutrophil intracellular-killing power for laboratory 
organisms remained normal or not statistically different 
from normal, and the chemotactic index, T-cell helper/ 
suppressor ratio, and serum IgG concentration remained 
within normal limits. 

Table 2 shows a group of five patients who also recovered 
in whom an attempt was made to match laboratory organ- 
isms obtained from other clinical isolates against the 
patients own isolates. The results here were identical to 
the group of patients who recovered in Table 1, ie, there 
was a significant diminution of neutrophil-killing power of 
the patients own organisms but none for laboratory organ- 
isms, and the chemotactic index, helper/suppressor ratio, 
and serum IgG concentration were not different from normal. 


COMMENT 


The neutrophil is a key cell for ingestion and intracellular 
kill of pathogenic microorganisms. Following thermal in- 
jury, chemotaxis,? phagocytosis,* and bactericidal activity 
are all impaired. Alterations in bactericidal function have 
been used to predict the development of septic complica- 
tions, and impaired bactericidal capacity appears to be 
associated with an increased risk of bacteremia.** It has 
also been reported that a diminished IgG concentration 


and lymphocyte exhaustion in patients with burns predis- 
poses to sepsis.*? Our results suggest that sepsis in the 
patient with a burn injury reflects two distinct phases of 
the host-parasite relationship. When the patient initially 
becomes infected, the neutrophil appears to have a dimin- 
ished capability for intracellular kill for the particular 
infecting organism, but the intracellular-killing capacity 
for other organisms remains normal, and the operational 
milieu of the neutrophil, as measured by the chemotactic 
index, lymphocyte enumeration, and immunoglobulin-op- 
sonizing capability, all remain within normal limits. If this 
is true, then the differential intracellular kill rate of the 
neutrophil at this point must be ascribed to bacterial 
factors, not host factors. In other words, organisms that 
are particularly virulent and can resist intracellular kill 
are the cause of sepsis, rather than failure of the host. If 
the infection is not eliminated, and, presumably as the 
patient gets sicker, there is an "immunological multisystem 
failure" in which the lymphocyte helper/suppressor ratio 
diminishes, presumably with interleukin 2 production fail- 
ure; the rate of immunoglobulin synthesis is unequal to 
maintain normal concentrations and, therefore, opsoniza- 
tion also fails; chemotactic factors are not produced or do 
not function adequately; and the neutrophil is now unable 
to kill any mieroorganism effectively, with resulting death 
of the patient. 

Several other possibilities exist. The lipopolysaccharide 
of gram-negative bacteria is known to reduce chemotaxis,” 
and we did not measure serum endotoxin concentrations 
in our patients. This factor would not, however, be expected 
to influence staphylococcal killing. Similarly, we did not 
measure other host factors that have been reported, such 
as complement activation and receptor expression,” Fe 
receptor positivity," or the differential ability of neutrophil 
enzymes to detoxify endotoxins.“ Phenotypic measure- 
ment of T-cell subclasses may not be as accurate an 
indication of function as the mitogenic response,*"* which 
was not measured in this group. 

For practical purposes, our findings mean that the 
measurement of neutrophil intracellular-killing power as 
a prognostic or diagnostic tool in patients with burns has 
to be carried out using clinical isolates from the patient, as 
well as laboratory organisms. It also emphasizes the 
importance of efforts at immune restoration, including 
immunomodulation, the provision of adequate circulating 
IgG levels, and normal helper T-cell numbers and function 
to prevent the patient from entering the second, potentially 
fatal, phase of immunological failure. 
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Simple Ligation vs Stump Inversion 


in Appendectomy 


David Street, MD; Balazs I. Bodai, MD; Leon J. Owens, MD; 


Daniel B. Moore, MD; Charles B. Walton, MD; James W. Holcroft, MD 


e The records of 886 patients who had appendectomy per- 
formed by the same surgeons within a five-year period were 
used to contrast appendiceal stump inversion vs simple liga- 
tion. Our analysis contrasted inversion vs simple ligation 
techniques as related to postoperative complications, hospital 
stay, and pathologic diagnosis. Adhesions requiring repeated 
operation to relieve bowel obstruction occurred in five of 87 
patients with acute gangrenous appendicitis treated by inver- 
sion. Of 106 patients with acute gangrenous appendicitis 
treated with simple ligation, postoperative obstruction devel- 
oped in none. No other statistically significant differences 
existed between the two techniques. These data suggest that 
simple ligation is at least as good as and probably better than 
inversion of the appendiceal stump. 

(Arch Surg 1988;123:689-690) 


The surgical literature of the late 1800s and early 1900s 
contained numerous articles concerning appendicitis 


and the timing of surgical intervention for its treatment. 


Later, the controversy shifted to treatment of the appen- 
diceal stump. The first successful therapy for appendiceal 
disease consisted of Mestiver’s introduction, in 1759, of 
simple drainage to treat one of its major complications, 
appendiceal abscess. In 1884, Kronlein performed the first 
appendectomy concomitant with draining an appendiceal 
abscess. He closed the appendiceal stump by simple liga- 
tion. Senn, in 1889, was the first American surgeon to 
advocate inversion of the appendiceal stump. In 1895, 
Dawbarn called attention to the risk of an abscess develop- 
ing between the stump ligature and the inverting suture 
when the ligated appendiceal stump was inverted into the 
cecal wall. To avert this complication, he devised a tech- 
nique for inverting the unligated appendiceal stump into 
the cecum after a purse-string suture was placed around the 
base of the appendix. 

Historically, three basic techniques deal with the appen- 
diceal stump: simple ligation, ligation of the stump and 
inversion with a purse-string suture, and inversion of the 
unligated appendiceal stump with a purse-string suture. 
The last technique is rarely used in the United States 
because of relative technical difficulty, more manipulation of 
bowel, and increased risk of hemorrhage from the unligated 
stump.’ 

We therefore compared and contrasted the complications 
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of simple ligation of the appendiceal stump and inversion 
of the ligated stump performed in two institutions. 


PATIENTS AND METHODS 


We conducted a retrospective study of 886 patients who had 
appendectomy performed at two different institutions during a 
five-year period. We studied the hospital records of the University 
of California, Davis, Medical Center and the Kaiser Permanente 
Medical Center, Sacramento, Calif, a private hospital and major 
teaching affiliate of the university. The same resident surgeons 
with equal experience rotated through both institutions and per- 
formed the procedure always under the direction of attending 
surgeons. In addition to technique, variables examined were 
temperature, leukocyte count, pathologic diagnosis, complica- 
tions, and length of hospital stay. Multivariance statistical analysis 
was used. Non-normally distributed data were transformed as 
necessary. Individual comparisons were evaluated by a x’ test with 
Yates’ correction when the multivariance analysis suggested sta- 
tistical significance. The pathologic diagnosis was used to separate 
the appendectomies into three major groups: (1) acute non- 
gangrenous, (2) acute gangrenous, and (3) nonacute. Postoperative 
complications were tabulated. 


RESULTS 


During the study period, 886 appendectomies were per- 
formed: 503 (56.8%) for acute nongangrenous appendicitis, 
193 (21.8%) for acute gangrenous appendicitis, and 190 
(21.4%) nonacute appendectomies. The postoperative com- 
plications were as follows: 


No. (%) 
Superficial wound infections 47 (5.3) 
Pelvic abscess 11 (1.2) 
Bowel obstruction 9 (1.0) 
Subfascial infection 3 (0.3) 
Subphrenic abscess 2 (0.1) 
Total 72 (8.1) 


These complications were found to correlate with patho- 
logic findings. For nonacute appendectomies, there was a 
3.6% complication rate; for acute nongangrenous appen- 
dicitis, the complication rate was 4.0%; and for acute 
gangrenous appendicitis, the complication rate was 22.3%. 

A statistically significant difference between the two 
surgical treatments was found in the group of patients who 
had acute gangrenous appendicitis (P<.05 by a x’ test with 
Yates’ correction). Of the 87 patients treated by ligation and 
inversion of the appendiceal stump, severe postoperative 
adhesions developed in five, necessitating a second opera- 
tion for bowel obstruction. These bowel obstructions were 
thought to be directly related to adhesions around the 
appendiceal stump. In none of the 106 patients who had 
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Fig 1.—Leukocyte counts in patients undergoing appendectomy. 


acute gangrenous appendicitis treated by simple ligation 
did bowel obstruction develop. The length of hospital stay 
was not different in those patients treated with simple 
ligation compared with those treated with ligation and 
inversion. 

The overall mortality rate in this study was zero. Other 
parameters, including length of symptoms, leukocyte count 
(Fig 1), temperature (Fig 2), antibiotic use, suture type, 
irrigation and drain usage, were matched against complica- 
tions. No other statistically significant differences were 
found. 


COMMENT 


There is no definite agreement in the literature regarding 
the best way to treat the appendiceal stump. Each of the 
techniques discussed here has advocates. Mayo,” in 1934, 
advocated simple ligation of the stump for the following 
reasons: (1) In cases where inversion of the stump had been 
combined with other surgical procedures and death had 
resulted, autopsy invariably revealed pus in the pocket of 
the inverted stump up to 21 days after surgery; (2) cultured 
suture material used to invert the stump was always 
infected with pathologic bacteria; and (3) noninversion 
shortens the surgical procedure. Willis,’ in 1908, noted the 
formation of intramural abscesses also. Six cases of intus- 
susception of the inverted appendiceal stump were re- 
viewed by Cleland‘ in 1953. Kohler,’ in 1926, mentioned the 
possibility of more adhesions after stump invagination. 
Finally, Babcock,* in 1928, commented on the possibility 
that the purse-string suture, if placed incorrectly, may 
compromise the blood supply to the cecum, resulting in 
slough of a large area of the cecal wall. 

In contrast, Ochsner and Lilly’ summarized the disadvan- 
tages of the simple ligation technique in 1937. They believed 
that (1) a ligated stump was a source of contamination, (2) 
inadequate closure of the bowel occurred because the serosa 
was not in opposition, and (3) adhesions were likely to occur 
around the ligated stump. Sinha? listed the theoretical 
advantages of inverting a ligated appendiceal stump. These 
ineluded (1) better control of hemorrhage from the stump, 
(2) doubly secure closure of the cecal wall, (3) less chance of 
peritoneal contamination due to burial of the infected 
stump, and (4) reduced risk of postoperative adhesions by 
minimizing the extent of any raw surface. 

Perhaps, as Sinha* suggested, burying the stump in a 
closed space protects organisms from exposure to perito- 
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Fig 2.— Temperatures in patients undergoing appendectomy. 


neal defense mechanisms that can lead to an intramural 
abscess, which, in turn, can create an environment condu- 
cive to adhesion formation. In fact, Kingsley: and Sinha 
both reported decreased frequency in the formation of 
postoperative adhesions in patients treated with simple 
ligation. Sinha also noted a lower incidence of wound 
infection, pelvic abscess, portal pyemia, wound disruption, 
and stump abscess in the group treated with simple ligation 
alone. 

The results of our study concur with those in the British 
literature. The only statistically significant difference be- 
tween the two operative techniques was formation of post- 
operative adhesions. 

Finding no other differences between these techniques, 
however, does not rule out the possibility that a difference 
may have been present if a larger group of patients was 
studied. We chose to limit our review to these 886 patients. 
Even if a difference were found by increasing the number of 
records reviewed, it is unlikely that such a difference would 
be clinically significant even if it might be statistically so. 


CONCLUSIONS 


From this retrospective study of appendectomies, it 
appears that simple ligation of the appendiceal stump is the 
preferred procedure. In our experience with gangrenous 
appendicitis, the incidence of complications was lower when 
treated by ligation of the appendiceal stump. We therefore » 
recommend the simple ligation technique as more success- . 
ful for acute appendicitis because it is simpler to perform 
and has no greater incidence of complications than the 
ligation.and inversion technique. 
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A Review of the Histologic Changes in 
Vein-to-Artery Grafts, With 
Particular Reference to Intimal Hyperplasia 


Rodney J. Dilley, BScHons, PhD; John K. McGeachie, BDSe, PhD, FDSRCS; Francis J. Prendergast, MBBS, FRACS 


e This article reviews the success of vein-to-artery grafts 
and the published data on patency rates and the major causes 
for graft failure, ie, intimal hyperplasia and atherosclerosis. It 
concentrates on the histogenesis of intimal hyperplasia and 
describes the histologic changes that occur in a vein graft 
after its insertion. The origin and behavior of intimal smooth- 
muscle cells are discussed in detail, with particular reference 
to their role in intimal hyperplasia. A brief experimental section 
is included to show the specific identification of vein-graft 
intimal smooth-muscle cells using light-microscopic histo- 
chemistry and electron microscopy. 

(Arch Surg 1988;123:691-696) 


Dag available on clinical graft patency can be divided 
into the following two categories: short term (within 
the first year) and long term (one year or more). In general, 
results show a short-term patency rate of 80% to 90% and 
a subsequent annual failure of approximately 2.5%.'* Two 
independent studies have shown patency rates of 29%° and 
38% to 68%* after grafts have been implanted for 12 years. 
Long-term failures continue to occur at a significant rate, 
and an underlying question remains: What are the factors 


. that result in graft failure? 


REASONS FOR GRAFT FAILURE 


These have been divided into the following two major 
categories: intrinsic and extrinsic factors.? Intrinsic factors 
are structural adaptations within the graft wall itself. 
Extrinsie factors involve tissues related to, but not directly 
part of, the graft; these include the blood, the arterial bed 
into which the graft is placed, and the operative technique. 
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Comparisons between these sources of graft failure have 
recently shown that both have significantly contributed to 
late graft failure." Progression of preexisting arterial dis- 
ease in the host circulation was more likely to lead to early 
graft failure, while changes in the graft itself were the 
major contributors to late graft failure. 

Intimal hyperplasia and atherosclerosis were the two 
major intrinsic factors associated with graft failure.*"* 
They have been described as the most common and least 
understood changes occurring in veins grafted into ar- 
teries.^ Complications associated with these changes in- 
clude ulceration, calcification, dilatation, aneurysm forma- 
tion, and thrombosis.’ 


Intimal Hyperplasia 


Intimal hyperplasia is a chronic structural change in the 
graft and can be defined as the process leading to formation 
of a thickened fibrocellular layer between the endothelium 
and the inner elastic lamina. The mechanism of graft failure 
is generally thought to involve obliterative intimal hyper- 
plasia, ie, excessive thickening of the intima, leading to 
luminal narrowing and reduction of blood flow, to such an 
extent that thrombosis occurs and the graft fails.” Recent 
studies have found that diffuse intimal hyperplasia develops 
in all mature vein grafts and is regarded by many as an 
unavoidable response of the vein to grafting.*^* 

The distribution of intimal hyperplastic lesions in vein 
grafts can be as a diffuse layer spread evenly throughout the 
graft or as a focal lesion found anywhere in the graft.* Some 
studies have reported a thicker intimal layer at the anasto- 
moses, and anastomotic hyperplasia is a common problem in 
synthetic vascular prostheses.”” In general, it can be seen 
that intimal thickness may vary from place to place within a 
graft and also from graft to graft. 


Atherosclerosis 


The influence of intimal hyperplasia on graft patency may 
also be determined by its contribution to atherosclerosis. 
Regions of diffuse intimal hyperplasia are found in arteries 
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at sites that are prone to develop atherosclerosis.'*° Both 
atherosclerosis and intimal hyperplasia have been reported 
in the vein-graft intima.*^*!9' Histologically, the ath- 
erosclerotic lesion is more complex than intimal hyperpla- 
sia; it includes elements of cell proliferation, fibrosis, necro- 
sis, and accumulation of intracellular and extracellular 
lipid. The graft intima has an increased affinity for lipid 
accumulation,'*/9 and fibrous plaques and lipid deposits 
have been seen as early as eight weeks after grafting in 
the dog? and 18 weeks in the rat.? Clinically, a hemody- 
namically significant atherosclerotic lesion is slow to de- 
velop and is normally associated with late graft failure.** 

The clinical assessment of vein-graft intimal changes has 
been possible using roentgen ray angiographic techniques 
to determine the extent of luminal narrowing. These have 
limited value for investigating the processes causing lu- 
minal narrowing. Further analysis of these changes is 
only possible using invasive histologic techniques, and only 
a small amount of clinical material is available. Therefore, 
experimental animal models are essential for providing 
controlled trials to gain further insight into the tissue 
changes that take place in a vein-graft intima. 


HISTOLOGIC STUDIES OF INTIMAL HYPERPLASIA 


Vein-graft histology can be considered as an adaptation of 
the original vein structure to the arterial environment. It is 
therefore necessary to consider the anatomy of veins used 
for grafting before describing the changes that are seen in a 
fully mature graft. The development of these changes, 
primarily the histogenesis of intimal hyperplasia, will then 
be discussed in detail. 


Histology of a Normal Vein 


Vein histology has been described in several research 
reports,” in reviews on vascular histology,” and as part of 
histologic studies of veins used for grafting.””” All major 
vessels consist of three primary layers, ie, the intima, the 
media, and the adventitia; however, these layers may be 
difficult to define in veins.“ The intima normally consists of 
a thin, continuous monolayer of endothelial cells lying on a 


basal lamina. In larger veins, the intima may also contain a. 


thin band of connective tissue beneath the endothelial basal 
lamina, consisting ofthe following: collagen, elastin, ground 
substance, some smooth-muscle cells, and possibly fibro- 
blasts.^?5 The media is also relatively thin in veins and 
consists of one or more layers of smooth-muscle cells 
interspersed with collagen, elastin, and ground substance. 
The outermost adventitia is thick and consists mostly of 
collagen bundles interspersed with bands of elastin fibers. 

Clinically, the vein most commonly used for grafting is 
the saphenous vein. It has an unusual structure and is 
relatively thick walled, with a rich elastin component and 
more smooth-muscle layers than would normally be found in 
a vein of comparable size.’ While it is generally acknowl- 
edged that the majority of veins are resistant to degener- 
ative intimal changes, such as intimal hyperplasia, the 
intima of the saphenous vein may be considerably 
thickened.*?'^ 


Histology of a Mature Vein Graft 


By comparison with the normal vein, a vein graft has a 
substantially thickened intimal layer and a much reduced 
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Fig 1.—Diagrammatic representation of cross sections through 
vein, artery, and vein graft, all with approximately same lumina 
diameter. Vein graft has fibrosed media and thickened intima layer. 
Note inner elastic lamina (arrows). 


media (Fig 1). The intima is undoubtedly the most impor- 
tant layer of the graft and consists of fibrocellular connec- 
tive tissue covered by a single layer of endothelium. In most 
cases it has relatively few cells but is rich in collagen fibers 
and ground substance.” 

Vein-graft endothelium has many characteristics of nor- 


mal venous endothelium, ie, flat, polygonal cells, with long 


axes oriented in the direction of the blood flow.?? Most 
mature grafts show a complete monolayer of endothelium 
throughout the entire graft.” These cells may retain the 
characteristics of venous endothelium, including large num- 
bers of microvilli* and a characteristic shape in en face 
preparations.5 The endothelium is mostly derived from 
arterial sources and has a typical arterial appearance. 
Cells that form the thickened intima are of particular 
interest in a study of vein-graft histology because of their 
role in graft failure. Schloss and Schumacker™ reviewed the 
literature before 1949 and noted the numerous descriptions 
of smooth-muscle cell involvement in intimal hyperplasia. 
An article published a year later by Schumacker et al” 
refers to such cells as “fibroblasts.” Similar confusion con- 
cerning the identity of intimal cells occurs in literature 
reviewed later by Brook.** Electron-microscopic studies have 
identified intimal cells with the following characteristics of 
smooth muscle: myofilaments, dense bodies, caveolae intra- 
cellulares, and basal lamina.”*“°? Other intimal cells have the 
following characteristics of fibroblasts: an abundance of rough 
endoplasmic reticulum, a prominent Golgi (smooth endo- 
plasmic reticular) apparatus, and a large euchromatic nu- 
cleus. Cells with predominant smooth-muscle character- 
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istics and those with predominant fibroblast characteristics 
have been found in the same intima. "22 Intermediate cells 
with characteristics of both smooth muscle and fibroblasts 
have also been reported.*** It was onee thought that fibro- 
blasts formed the major cell type in the graft intima, but 
now smooth-muscle cells are regarded as the major cell 
type.'* This has probably been brought about by the extensive 
use of electron microscopy in recent years. 

Graft-adventitial connective tissues merge with adjacent 
structures. Nerves and blood vessels regenerate after 
grafting, but they may have a different distribution from 
those of the original vein or host artery.*” 


The Vein Graft Intima 


The morphologic appearance of the mature vein-graft 
intima has led to some confusion. Smooth-muscle cells and 
fibroblasts are both present, but what is the “intermediate 
cell” type, and where do these cells come from? One view 
is that the intermediate cell type represents a “modified” 
smooth-muscle cell.” Another view is that intimal cells 
are mesenchymal."*? Others believe that there is a continu- 
ous range of histologic appearances between smooth-mus- 
cle cells and myofibroblasts.“ The latter view implies that 
fibroblasts and smooth-muscle cells are not distinct types, 
and they can interchange freely between one end of the 
continuum and the other. 

Intimal hyperplasia is undisputedly an important deter- 
minant of vein-graft success, yet relatively little is known 
about its histogenesis.”**™ It is timely to review this topic. 


The Histogenesis of Intimal Hyperplasia 


The histologic differences between the vein used for 
grafting and the mature graft arise from the following two 
major processes: damage to the vein as a result of grafting 
and regeneration of viable tissue from the graft and 
surrounding tissues. Damage to the vein occurs during its 
removal, preparation, and anastomosis and from exposure 
to the high-pressure arterial environment. 


EARLY CHANGES AFTER GRAFTING 


In the first week, all grafts show some degree of endo- 
thelial denudation, resulting in direct exposure of underly- 
ing connective tissue to the blood. This promotes the 
deposition of fibrin, platelets, and inflammatory cells on the 
luminal surface of the graft. The surviving endothelium 
is elevated by intimal edema and granulocyte infiltration. 
-~ Infiltration of the graft media and adventitia by thrombus 
and inflammatory cells has also been reported.” 

Edema, vacuolation, and necrosis of vein-graft medial- 
muscle cells have been noted in several studies. 4657 Cells 
showed the following signs of damage: nucleolar enlarge- 
ment, perinuclear lucency due to separation or loss of 
myofilaments, mitochondrial swelling and bleb formation, 
increased rough endoplasmic reticulum, Golgi apparatus, 
and fat droplets.** The extent of smooth-muscle cell damage 
is, like endothelial damage, highly variable and can range 
from necrosis and cell death to survival without change or 
even hypertrophy.*** 

During grafting, changes also occur in adjacent arterial 
tissues. Damage due to suture placement and application 
of vascular clamps has been reported, the effects of which 
may include substantial endothelial removal and smooth- 
muscle cell damage.*® 
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Regenerative Changes 


The predominant events occurring during the first week 
after grafting include mural thrombosis, inflammation, and 
cell death. This is followed, in the ensuing weeks, by 
regeneration of cells and matrix from surviving graft 
tissues, the adjacent artery, and the surrounding connec- 
tive-tissue bed. Later changes include medial and adven- 
titial fibrosis and intimal hyperplasia. 

Endothelium.— Early regeneration of the endothelium 
is rapid and was completed in a 1-cm-long vein patch graft 
within one week.“ A 3- to 5-em-long vein graft was 30% to 
90% reendothelialized after six weeks.* The length of time 
taken for reendothelialization depends on the extent of 
damage at operation. Endothelium is known to have an 
early rapid growth rate that is followed by a period of 
slower growth.” Regenerated endothelium appeared to 
have originated from existing endothelium* or, in grafts 
entirely denuded of their endothelium, from the host 
artery. Blood cells and medial smooth-muscle cells were 
also considered as possible sources for endothelium?**9; 
however, no direct evidence has been found to support this 
hypothesis. *! 

Media.—Medial edema, smooth-muscle cell necrosis, 
and infiltration by inflammatory cells are consistent events 
during the first two weeks after grafting. Medial changes 
are particularly well described by Brody et al.“ They re- 
ported a decrease in edema and inflammation and an 
increase in collagen by nine days after grafting. Necrotic 
smooth-muscle cells were few. The surviving venous me- 
dial-muscle cells were hypertrophic and had increased 
rough endoplasmic reticulum and Golgi apparatus. Some 
medial cells were almost completely “transformed,” and 
were similar in appearance to fibrocytes. Jones et al*' also 
found many medial fibroblasts, a cell not normally associ- 
ated with a vein media. These cells contribute to fibrosis 
of the media. Fibroblasts and collagen fibers were found in 
increasing amounts in the vein-graft media in the first 
month after grafting. 09046,47,65 

Adventitia.— This becomes incorporated into surround- 
ing connective tissues, and it may become difficult to 
distinguish the outer limit of the graft adventitia." Vasa 
vasorum are reestablished within one week after graft- 
ing** by ingrowth from the adjacent arterial vasa and from 
adjacent connective tissues.9"' Adrenergic nerves also 
grow in from the adjacent artery and connective tissues.” 
Reinnervation is a more protracted process than revascu- 
larization and does not become established until two to four 
weeks after grafting." 


Intimal Hyperplasia 


Plaques of modified smooth-muscle cells have been found 
in the intima as early as the second week after grafting; 
intimal smooth-muscle cells have been seen at nine days“ 
and ten days after grafting.* The histologic appearance of 
these cells is similar to that of modified smooth-muscle cells 
seen in the media.: However, they were oriented parallel 
to the long axis ofthe vessel, rather than the predominantly 
cireular arrangement of smooth muscle in the normal vein 
media.'?? The extracellular space of the intima contains 
some collagen fibers, also aligned with the direction of 
blood flow; some microfibrils, 10 mm in diameter; and, 
rarely, elastin.54e 
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Fig 2.— Stained section of vein-graft intima at 14 days after grafting, 
showing smooth-muscle characteristic staining of extracellular 
matrix. Arrow indicates inner elastic lamina; L, lumen (periodic 
acid—Schiff, x 350). 


Intimal hyperplasia was defined earlier in this review as 
the process leading to a fibrocellular thickened layer be- 
tween the endothelium and inner elastic lamina. Normally, 
venous intima consists of only a thin endothelium,” and the 
presence of intimal smooth-muscle cells should be regarded 
as the first stage of intimal hyperplasia. At early time pe- 
riods, the intima may be several layers thick. Most workers 
have reported that intimal hyperplasia had developed in 
the two- to four-week period after grafting.'*^* Cuevas and 
Gutierrez Diaz?" considered that intimal smooth-muscle 
cells existed in various stages of differentiation at two 
weeks. However, by three weeks, the cells had differenti- 
ated to contain many myofilaments, dense bodies, caveolae 
intracellulares, and gap junctions. This apparent matura- 
tion of modified smooth-muscle cells to form a muscular 
intima has also been noted by others.” 

Cells of the vein-graft intima have many characteristics 
of modified smooth-muscle cells; however, very few authors 
give details of how such cells became situated in the graft 
intima. Because of their smooth-muscle cell characteris- 
ties, the most obvious route is by migration of medial 
smooth-muscle cells. Abundant synthetic organelles in the 
cytoplasm of the intimal cells and the fibrous nature of the 
connective tissue they produce suggest the fibroblast as a 
possible stem cell. While fibroblasts are present in the vein- 
graft intima, in intimal thickening, the extent of their 
involvement has not been determined. Cells already exist- 
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Fig 3.—Electron micrograph of vein-graft intimal cells at 21 days -e 
after grafting, showing characteristic myofilaments (M) and basal 
lamina (B). C indicates collagen; e, elastin ( x 12 500). 


ing in the intima may also have a role in the genesis of 
intimal hyperplasia. Intimal smooth-muscle cells may al- 
ready be present in a thickened donor-vein intima, 79952725 
and their proliferation could lead to further thickening. 
Myointimal cells are not present in all veins used for 
grafting, although all grafts develop intimal hyperplasia. 
Furthermore, where all the graft tissue is *killed,"* and 
similarly in plastic prosthetic grafts," intimal hyper- 
plasia continues to develop, suggesting that viable tissues 
from the host contribute cells to the graft intima. Such a m 
contribution from the host may come from the luminal’ 
blood, the surrounding connective-tissue bed, or adjacent 
arterial tissue. 

The deposition and organization of successive layers of 
thrombotic material on the graft surface is thought to be 
another major source of intimal hyperplasia in vein 
grafts. ”9.53.55.57 Deposition of thrombus on grafts is some- 
what variable, with most reports showing little progression 
from the thin mural thrombus deposited during the first 
few minutes of graft blood flow.*** However, thrombus 
deposition on the graft wall may rapidly become extensive 
and may be associated with accelerated intimal thicken- 
ing.” A low flow rate is associated with enhanced throm- 
bogenesis.* | 
EXPERIMENTAL STUDIES 

As part of a recent series of studies on an experimental 
vein-graft model, we have identified one specific mecha- 
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nism of intimal hyperplasia that may help to clarify the 
confusion in the literature. In 1-mm-diameter iliolumbar 
vein-to-iliac artery grafts in the rat, we have shown that the 
endothelium, nerves, and vascular supply of the graft wall 
are all disrupted during the grafting procedure and then 
regenerate from adjacent tissues." The main interest 
here is in intimal hyperplasia, which also appears to origi- 
nate in the artery adjacent to the graft.“ During ingrowth 
of the new, thickened intima, a fibrocellular layer is estab- 
lished in the arterial intima adjacent to the anastomosis and 
then appears to migrate into the graft itself. The thickened 
intimal tissue has been found in histochemical (Fig 2) and 
morphologic studies (Fig 3) to be of smooth-muscle cell 
origin. The smooth-muscle cells of the arterial media are 
physically continuous with the artery and graft intima via 
fenestrations and suture holes in the inner elastic lamina. 


;4 The thickened graft intima forms from cells growing across 


~~ 


the anastomosis, and no isolated patches can be observed 
in the center of the graft. If either blood-borne cells or fibro- 
blasts were to contribute to the intima, then a more random 
seeding of the graft intima would be expected. Rather, 
intimal hyperplasia was dependent on seeding from arterial 
tissues and developed at the anastomosis first, before 
spreading to the remainder of the graft. 

Other cell types that could contribute to the intima were 
ruled out in these experiments by the smooth-muscle-type 
histochemical and ultrastructural characteristics of the 
intimal tissue (Figs 2 and 3). Ultrastructural evidence 
shows that the early smooth-muscle cell response is char- 
acterized by a change to fibroblastlike morphologic 
features, but the characteristics of smooth-muscle cells 


_ were always present; that is, the cells always had myofila- 


ments and basal lamina, and produced a matrix with 
periodic acid-Schiff and sulfated glycosaminoglycan-posi- 
tive staining. The initial morphologic similarity to fibro- 
blasts may have led to the role proposed for fibroblasts in 
the literature. In our studies, these cells were clearly 
smooth-muscle cells that expressed a different phenotype, 
similar to that seen by others in the arterial smooth- 
muscle-cell response to injury.” 

As a result of these studies, we present this mechanism 
as a major contributor to intimal hyperplasia in small vein 
grafts and also as a possible source in larger grafts. In the 
latter situation, it seems likely that venous medial or 
intimal smooth-muscle cells may also contribute signifi- 


- cantly. The most interesting finding in the small grafts is 


the lack of evidence for the contribution of cells to the 
intimal layer of vein grafts from other potential sources. 
COMMENT 


There has been some confusion as to the exact source of 
cells for intimal hyperplasia in vein-to-artery grafts. Many 
different cell types may be present in and around the graft 
intima during the first few weeks after grafting. On review- 


ing the literature and considering it in the light of recent 


experimental results, it is concluded that smooth-muscle 
cells from the graft, or its adjacent artery, form the 
majority of cells in the intimal tissue. To understand vein- 
graft intimal hyperplasia more fully, the behavior of vein- 
graft smooth-muscle cells would seem to be an area worthy 
of further investigation. | 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Melanoma of the Nasal and Paranasal Sinus Mucosa 
Terrence K. Trapp, MD; Yao-Shi Fu, MD; Thomas C. Calcaterra, MD 


Melanoma involving the nasal and paranasal sinus mucosa is a rare disease that is difficult to treat and 
generally has a poor prognosis. Data on 17 patients treated at the UCLA Medical Center during the period 1970 


to 1985 were reviewed in a retrospective manner. The five-year disease-free survival was 2596 (3/12). Surgery, 
with or without radiation therapy, is the mode of treatment to control disease in most patients. Treatment 
failures, which include both local recurrence and distant metastases, may occur many years after initial 
therapy. We found a correlation between the thickness of tumor and the clinical outcome (Arch Otolaryngol 


Head Neck Surg 1987;113:1086-1089). 
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Common Bile Duct Pressure in Patients 
With Common Bile Duct Stones With or 
Without Acute Suppurative Cholangitis 


Attila Csendes, MD; Alfredo Sepülveda, MD; Patricio Burdiles, MD; Italo Braghetto, MD; 


e Resting common bile duct pressure was measured in 
three groups of patients: group 1, 53 patients with gallstones 
but without common duct stones; group 2, 35 patients with 
common bile duct stones unaccompanied by cholancitis; and 
group 3, 36 patients with common duct stones and acute 
suppurative cholangitis. A significantly higher pressure in the 
common bile duct was documented in patients with cholan- 
gitis when compared with the other two groups. Twenty-four 
patients with cholangitis had common duct pressure values 
above 20 cm H;O, the maximal values of normal. Additionally, 
patients with cholangitis with pressure values over 30 cm H,O 
(nine patients) showed absence of green bile in the extrahe- 
patic biliary tract, suggesting cessation of bile excretion into 
biliary duct. In all these cases, an impacted stone at the distal 
end of the common bile duct was documented. 

(Arch Surg 1988;123:697-699) 


Are suppurative cholangitis is a serious surgical dis- 
ease usually caused by calculus obstruction of the 
common duct and superimposed infection involving the 
entire biliary tract.'* The obstruction of bile flow causes 
accumulation of pus in the biliary ducts and is followed by 
septic manifestations that need prompt surgical relief. The 
typical surgical finding is the presence of a dilated, ob- 
structed common duct that contains pus. An increased 
intraluminal pressure has been suspected, as documented 
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in animal experiments,*^ but this has not been documented 
in humans, except in one study.* 

The purpose of the present prospective study was to 
measure during laparotomy the intraluminal pressure of 
the common bile duct in patients with and without acute 
cholangitis secondary to common bile duct stones and 
compare the values with those in controls. 


PATIENTS AND METHODS 


À prospective study was designed at the Department of Surgery, 
University of Chile, Santiago, between 1982 and 1985. 


Patients 


We studied 124 patients who were divided into three groups. 

Group 1.—Fifty-three patients with a mean age of 52 years 
(range, 18 to 87 years), 38 women and 15 men, served as controls. 
These patients had gallstones and underwent elective cholecystec- 
tomy. Common duct pressure was measured through the cystic 
duct. 

Group 2.—Thirty-five patients with common bile duct stones 
without cholangitis made up group 2. Their mean age was 48 years 
(range, 22 to 67 years); 22 were female and 13 were male. All 
underwent elective surgery. In 25 patients concomitant gallstones 
were found, and in ten cases a previous cholecystectomy had been 
performed. Common bile duct stones were demonstrated without 
cholangitis. Twenty-three of these patients were operated on 
because of jaundice without fever or chills. In 12 patients stones 
in the common bile duct were documented during surgery by an 
intraoperative cholangiogram. In this group, the macroscopic 
aspect of bile was green and clear. Bile cultures were positive in 
ten (40%) of 25 cases, yielding mainly Escherichia coli and 
Klebsiella organisms. In eight cases an impacted stone at the 
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Group 3 


Group 1 Group 2 


Individual and mean values of common bile duct pressure in 53 
controls (group 1), 35 patients with common duct stones without 
cholangitis (group 2), and 36 patients with common duct stones 
with cholangitis (group 3). 


distal end of the choledochus was found, and in 27 cases only 
floating stones were demonstrated. 

Group 3.—Patients in group 3 had common bile duct stones 
accompanied by acute suppurative cholangitis, defined as in other 
reports'? as characterized by presence of jaundice, abdominal 
pain, chills and fever, and, in some severe cases, accompanied by 
hypotension or shock and depression of the central nervous 
system, secondary to biliary occlusion, pus within the common 
bile duct, and systemic sepsis. Thirty-six patients formed this 
group. Their mean age was 55 years (range, 19 to 72 years); 27 
were female and nine were male. They mainly underwent emer- 
gency surgery. All of them presented with fever, high levels of 
serum bilirubin (range, 120 to 257 wmol/L [7 to 15 mg/dL]), and 
persistent pain in the upper right quadrant. Shock or hypotension 
was present in nearly 3046 of patients, and depression of the 
central nervous system was seen in only seven cases. Leukocytosis 
(cell count, >15 x 10*/L [715 000/mm?]) was present in the majority 
of patients. In bile cultures, gram-negative bacteria were found, 
especially E coli, Proteus vulgaris, and Klebsiella (9396 of cases), 
and blood cultures were positive in only 14 (40%) patients, yielding 
the same bacteria that were cultured in bile. All patients were 
treated with gentamicin and ampicillin before surgery. During 
laparotomy all patients had one or more common bile duct stones 
and visible pus in the common bile duct. In 20 cases concomitant 
gallstones were found. In all these patients, due to the severity of 
the clinical course, a cholangiogram was not performed during 
surgery, because any increase of common bile duct pressure with 
duet infection may promote sepsis.5!^!! In 18 cases an impacted 
distal stone was found, and in 18 patients floating stones were 
demonstrated. Patients with intrahepatic stones, strictures, bilio- 
enteric fistulas, Mirizzis syndrome (biliobiliary fistulas), or pa- 
tients with carcinoma of the gallbladder or common bile duct, 
were excluded. 


Pressure Measurements 


In all patients, a careful surgical exploration was performed 
initially to determine whether common duct stones were palpable. 
After cholecystectomy and if surgical exploration was noncontri- 
butory, an operative cholangiogram was obtained through the 
cystie duct with a Brome catheter (Denmark) in the control group, 
and this catheter served also for pressure measurements. In the 
rest, common bile duct pressure was determined directly by the 
method described by us previously to measure gallbladder intra- 
luminal pressure.” For this purpose, a No. 19 needle was intro- 
duced into the common duct and connected to a glass manometer. 
All pressure measurements are expressed in centimeters of water. 
(In all patients, we waited 30 s to be sure the pressure had come 
to an equilibrium.) The zero reference was taken as the level of 
the cysticholedochal junction. After surgical decompression, pres- 
sure was not measured because the common duct was open to 
atmosphere. 
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Table 1.—Mean Common Bile Duct (CBD) Pressure 
in Different Groups of Patients 


Common Bile Duct — Statistical 
Group Characteristics n Pressure, cm H;O* Comparison, P 


1 Controls 52 10.2 — 4.8 1 vs 2, «.0025 


2 CBD stones 35 12.9+5.3 2 vs 3, <.0001 
without cholangitis 


3 CBD stones 36 
with cholangitis 


*Mean + SD. 


25.8 +9.0 1 vs 3, <.0001 


Table 2.—Mean Common Bile Duct Pressure in Patients 
With and Without Impacted Distal Stones 
Group 2 
— — M 
n Pressure,cmH,O n Pressure, cm H,O P 
11.0+0.8 18 19.3+1.8 <.000 
18.6+1.3 18 27.2+1.9 <.001 


Group 3 


Stones 
Floating 27 
Impacted 8 


Statistical Analysis 


For statistical evaluation the pooled and separate variance 
estimate test was used and P<.01 was considered as significant. 
All calculations were made by a computer. 


RESULTS 


Values of common bile duct pressure in the different 
groups are shown in the Figure and in Table 1. The group 
1 controls had a mean pressure of 10 cm H,O, which is 
significantly less than that in group 2 patients (common 


duct stones unassociated with cholangitis), who had a mean * ” 


value of 13 em H,O. The highest values corresponded to 
23 cm H,O. No correlation was found between the number 
or size of stones and resting common bile duct pressure. 
In group 2, no correlation was found between the size of 
the choledochus and the intraluminal resting pressure of 
the common bile duct. 

In eight patients in group 2, an impacted stone was found 
at the distal end of the common bile duct; we found the 
highest common bile duct pressures in six of these cases. 

The group 3 patients (acute suppurative cholangitis) had 
a mean common bile duct pressure of 23.5 —- 8.9 em H,O, a 
value that was significantly higher than that in either 
group 1 or group 2 (P «.0005). Twelve of them had pressure | 


values below 20 em H,O, whereas 24 had values over 20 em /* 


H,O. No correlation was found between the number of 
stones, size of stones, age, or magnitude of jaundice and 
common duct pressure. No correlation was found between 
bile duct size and bile duct pressure. In nine patients who 
had common duct pressure above 30 cm H,O, the entire 
biliary tract had only white fluid with pus and absence of 
visible green bile. In all these cases, an impacted stone at 
the distal portion of the common bile duct was found. In 
the 15 patients with pressure values between 20 and 30 cm 
H,O, seven had impacted stones and in eight only floating 
stones without impaction were found. In 12 patients with 
common bile duct pressure below 19 cm H,0, three patients 
had impacted stones. In Table 2 the mean common bile 
duct pressure is shown according to the presence of floating 
or impacted stones at the distal portion of the common bile 
duct. Two main findings were noted. First, patients with 
impacted stones had significantly higher pressure than 
those patients of the same group with floating stones 
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(P<.001). Second, patients in group 3, with cholangitis, 
had significantly higher pressure than patients in group 2, 
without cholangitis, having either impacted or floating 
stones. Among the 14 patients with cholangitis and positive 
blood cultures, 12 had impacted stones. 


COMMENT 


The results of the present study were threefold. First 
and most important, common duct pressure was signifi- 
cantly higher in patients with acute suppurative cholangitis 
secondary to common duct stones than in patients without 
common bile duct stones or in patients with common bile 
duct stones without visible microscopic pus in the biliary 
tract. Second, in patients with impacted distal stones, the 
mean intraluminal pressure of the common bile duct was 
significantly higher than in patients with floating stones. 
Third, when pressure in the common bile duct was over 
30 em H,O, no green bile was seen in the extrahepatic bile 
ducts. 

Normal resting pressure in the common bile duct is 
around 10 to 12 cm H,O above intraduodenal pressure. 9 
Our group 1 control patients and group 2 patients with 
floating common bile duct stones who submitted to elective 
surgery had normal common bile duct pressure. However, 
when acute obstruction to bile flow occurs, as was present 
in several patients with cholangitis and in eight patients in 
group 2, accompanied by common bile duct stones impacted 
in the distal common bile duct, a significant increase in bile 
duct pressure was documented. To our knowledge, this is 
the first documentation of elevated common bile duct 
pressure in patients with obstructing common bile duct 
stones. Lygidakis* studied 20 patients with acute cholan- 
gitis; he found ten cases with intraluminal pressure over 
25 cm H,O and ten cases with pressure below 25 cm H,O, 
without a control group. This increase in pressure, second- 
ary to obstruction to bile flow, is the primary factor 
responsible for bacteremia in patients with acute suppu- 
rative cholangitis. Experimental studies have shown that 
below 20 em H,O of common bile duct pressure, lymph and 
blood remain sterile when bacteria are injected into the 
common bile duct.** This fact was first recognized in 1947 
by Mixer et al,” who showed that the pressure required to 
initiate reflux of bacteria into the blood through the 
common bile duct was above 20 cm H,O. When common 
bile duct pressure was increased to 25 em H,O, the number 
of organisms isolated from hepatic veins and lymphatics 
was proportional to the pressure increase. In the same 
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experiments, when pressure was increased to 35 em H,O, 
more than 50 000 bacteria per cubic millimeter were isolated 
from blood and lymph.’ The majority of patients with acute 
suppurative cholangitis in our study had common bile duct 
pressure over 20 em H,O, which is in the upper range of 
normal values.*4 

The maximal secretory pressure of the hepatic cells is 
approximately 30 em H,0."8!* An important finding in 
our patients was the fact that when duct pressure was over 
30 em H,O, no bile was seen in the extrahepatic biliary 
tract, only white purulent material. In the majority of the 
cases, flow of green bile appeared three to 12 hours after 
surgical decompression of common bile duct. Our results 
confirm earlier animal experiments about the maximal 
limiting secretory pressure of the liver, which is about 30 
cm H;O. However, this secretory pressure does not indicate 
the absolute pressure that the hepatic secretory cells 
generate, but rather the pressure at which the maximal 
rate of secretion is balanced by retrograde escape of bile 
through the biliary duct wall into the lymphatic and venous 
systems. Experimentally in the rat, when hydrostatic 
pressure is greater than hepatic secretory pressure, fluids 
flow into the blood vessels.” From the results of our study, 
it appears that complete bile duct obstruction is present in 
humans when common bile duct pressure is above 30 em 
H,O. Such obstruction leads to stoppage of bile secretion 
into the extrahepatic bile system. 

In summary, our studies suggest that the increase in 
common bile duct pressure secondary to stone obstruction 
is probably the major factor responsible for ascending 
cholangitis and septicemia, based on the fact that in 
patients with positive blood cultures, the same bacteria 
were present in bile and blood. Therefore, prompt medical 
or surgical decompression of this infected bile under high 
pressure should be accomplished as fast as possible. Until 
recently, we had used only the surgical approach to treat 
three cases, and in a consecutive series of 507 patients 
operated on, our mortality was 11%, after performing 
definitive surgery in 92% of all patients. An alternative 
procedure that can be used is the percutaneous transhe- 
patic drainage through a Chiba needle. We have used this 
procedure on six patients with success in decompressing 
the biliary tree; all of them were older patients. Other 
possibilities are the use of endoscopic sphincterotomy or 
the placement of a nasobiliary catheter to drain the common 
bile duct. However, we believe that surgery is still the best 
procedure in the majority of the cases. 
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Escherichia coli Sepsis in the Baboon 
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e This study evaluated the effects of naloxone hydrochlo- 
ride in the treatment of Escherichia coli-induced shock in 
baboons. The baboons were studied for 12 hours and moni- 
tored for survival times. All baboons were intravenously in- 
fused for two hours with E coli and treated as follows: group 1, 
E coli (control); group 2, E coli plus naloxone hydrochloride, 
0.5 mg/kg bolus plus 0.5 mg/kg/h for 9.5 hours; and group 3, 
E coli plus naloxone hydrochloride, 2.0 mg/kg bolus plus 
2.0 mg/kg/h for 3.8 hours. Naloxone was administered after 
arterial pressure had reached the nadir (more than two hours 
following initiation of E coli infusion). Mean arterial pressure 
was supported by the lower dose of naloxone; however, 
sustained leukopenia and neutropenia were not reversed by 
its infusion. Naloxone prevented the increase in plasma 
B-endorphin level and blunted the increase in plasma cortisol 
level. Despite these effects, naloxone did not prevent multiple- 
organ disease and did not decrease mortality. 

(Arch Surg 1988;123:700-704) 


ndogenously released opioid peptides function as 
pathophysiological mediators in endotoxic-septic 
shock.™ Pharmacological responses to opioids include de- 
pression of cardiovascular function,'* depression of central 
nervous system respiratory centers,’ and decreased respi- 
ration in conscious monkeys." Administration of the opiate 
antagonist naloxone hydrochloride during endotoxic or 
septic shock has been reported to elevate systemic arterial 
pressure, improve respiratory rate, diminish acidosis, at- 
tenuate hypoglycemia, stabilize lysosomal membranes, in- 
crease leukocyte and platelet concentrations, and prolong 
short-term survival." Among the various types of opioid 
peptides, circulating concentrations of B-endorphin are 
elevated in the blood of dogs following endotoxin adminis- 
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tration and during sepsis^? and are increased in the blood of 
baboons infused with Escherichia coli.? 

We reported a study with dogs and baboons infused with 
E coli. The survival of dogs treated with naloxone and 
antibiotic therapy was increased, whereas baboons were 
not protected.* In that study, naloxone therapy was begun 
in dogs at 15 minutes and in baboons at 30 minutes after the 
onset of E coli infusion.’ The total dose of naloxone hydro- 


chloride administered to dogs was 13 mg/kg and to baboons | 


was 24 mg/kg.? Dogs receiving naloxone infusions together 
with antibiotic were significantly protected: arterial blood 
pressure, blood glucose levels, carbon dioxide pressure 
(Pco,), and oxygen pressure (Po,) of dogs were supported 
at higher levels, and gastrointestinal tract lesions were 
prevented. Four of five naloxone-treated dogs survived 
permanently (greater than seven days), whereas all dogs 
given E coli and treated only with antibiotic died.* There 
were no significant differences in the mean systemic 
arterial pressure (MSAP), heart rate, Pco,, or Po, values 
of septic baboons given naloxone and antibiotic compared 
with those given antibiotic only or those given no therapy. 
A steady decline in blood glucose levels after an initial 


hyperglycemia was observed in naloxone-treated baboons, » 
indications of peripheral vasoconstriction were noted, and , 


all baboons died with 42 hours.* The major question arising 
from the study concerned the cause of failure of naloxone 
to protect baboons. We tested the hypothesis that the 
dosage of naloxone given the baboons (approximately twice 
that given to dogs) may have been excessive or that the 
therapy may have been initiated too early (before declines 
in aortic pressure had occurred). 

We designed the present experiments further to evaluate 
naloxone therapy for E coli sepsis in the primate." Dosages 
of naloxone and time and rates of its administration were 
modified in an effort to attenuate or obviate pathophysio- 
logical changes and to increase the percentage of perma- 
nent survival in the baboon. The total dose of naloxone 
hydrochloride given to the baboons was decreased from 
approximately 24 mg/kg of body weight in the past study? to 
9.6 and 5.4 mg/kg of body weight in this study. Ambient 
temperature variations were controlled so that naloxone 
effectiveness would not be adversely affected." 
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Table 1.—Survival Data* 


Baboon Median Survival Time 


Survival Time, h of Nonsurvivors, h 
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*See text for explanation of groups and treatments. S indicates permanent 
survivor (greater than seven days); baboon killed on day indicated. There 
were no statistical differences in percentage permanent survival or in survival 
time. 


MATERIALS AND METHODS 


Baboons (Papio c. cynocephalus) were anesthetized and ex- 
periments were carried out as previously reported." Baboons 
of either sex were randomly divided into three groups, then each 
was infused intravenously with an average of 2.5x10" E coli 
organisms per kilogram of body weight during a two-hour period. 
Baboons in group 1l, the control group, were given E coli and 
gentamicin sulfate as previously described." Group 2 baboons 
were given separate intravenous bolus doses of naloxone hydro- 
chloride, 0.05, 0.10, and 0.5 mg/kg (total, 0.65 mg/kg), two hours 
following initiation of E coli administration, to determine the 
minimal dose required to elicit an observable increase in MSAP. 
Because 0.5 mg/kg of naloxone hydrochloride was the lowest dose 
that resulted in an observable increase in pressure, this dose was 
selected to be infused starting at 155 minutes after the onset of 
E coli administration for 9.5 hours (0.5 mg/kg/h) for a total of 
5.4 mg/kg. Gentamicin was given using the same protocol used for 
group l. Group 3 baboons were given 2.0 mg/kg of naloxone 
hydrochloride by intravenous bolus administration at the termina- 
tion of E coli infusion (+120 minutes), then were infused with 
2 mg/kg/h of naloxone hydrochloride from 130 minutes to the sixth 
hour (total dose, 9.6 mg/kg). Gentamicin was intermittently in- 
fused intravenously in group 3 as in groups 1 and 2.™? A total 
gentamicin sulfate dose of 18.0 mg/kg of body weight was infused 
during the initial ten-hour period; 4.5 mg/kg was given in- 
tramuscularly at the 12th hour and twice daily for three days in 
surviving baboons. 

Blood pressure and heart rate were continuously monitored for 
12 hours on a recorder (Hewlett-Packard). Arterial blood was 
sampled intermittently for determinations of glucose, hematocrit, 
white blood cell and differential leukocyte concentrations, platelet 
count, pH, Pco,, Po,, and serum gentamicin. Procedures for these 
determinations have been reported previously.?!^* 

Plasma B-endorphin was measured as previously described.? An 
antiserum against human g-endorphin was used, and sensitivity of 
the assay is approximately 5 pg per tube. Recoveries in these 
fractions of human B-endorphin added to baboon plasma were 60%. 
All reported values were corrected for recovery. 

Respiration rate was monitored, and ambient, rectal, and skin 
temperatures were recorded.’ Intravenous administration of saline 
during the 12-hour period averaged 5.5 mL/kg/h in the three 
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Fig 1.—Changes in mean systemic arterial pressure and heart rate 
in baboons infused intravenously with lethal doses of Escherichia 
coli and treated with infusions of naloxone hydrochloride plus 
gentamicin sulfate or gentamicin only (see text for details of drug 
dosages). Stars indicate P<.05, repeated-measures analysis of 
variance and paired comparison with zero time. When analysis of 
variance indicated P<.05 among the three groups for a given time, 
the groups were compared using the unpaired t test. Triangles 
indicate a statistical difference (P<.05) between indicated groups at 
the times shown. Dotted lines represent group 1, E coli plus 
gentamicin (n— 5); dashed lines, group 2, E coli plus 5.4 mg/kg 
naloxone hydrochloride plus gentamicin (n — 5); solid lines, group 3, 
E coli plus 9.6 mg/kg naloxone hydrochloride plus gentamicin 
(n — 5) until ten hours, when one baboon died; and IM, intramus- 
cular. 


groups; this volume kept hematocrits essentially constant. This 
amount of saline parallels the volume (4 to 6 mL/kg/h) administered 
to baboons in previous studies in which a combination therapy of 
methylprednisolone sodium succinate and gentamicin sulfate re- 
sulted in 100% and 85% survival.""” Complete recovery from shock 
was defined as a baboon's ability to survive a minimum of seven 
days. After seven days, all surviving baboons were killed with 
pentobarbital sodium. Autopsies were performed when the ba- 
boons died or when they were killed (after the seventh day). 

Data were analyzed using analysis of variance techniques appro- 
priate for a repeated-measure design when cardiovascular, hema- 
tological, biochemical, and microbiological data sufficiently ap- 
proximated normality and variance assumptions. Within this 
design, the measures over time were considered as the repeated 
factor and differences among groups as nonrepeated factors. 
Significances between specific times and zero time were then 
determined using Student's t test for paired data. Significances 
between groups at specific times were determined using Student's 
t test for unpaired data corrected for degrees of freedom with 
repeated measures. When data did not meet the criteria for 
parametric statistical analysis, the Mann-Whitney U test was 
employed. Differences in survival among the groups were tested 
pairwise for significance using the Fisher exact test. The type II, B 
error, in view of the sample size in this study, is .95 and the power is 
.05. Only P «.05 was considered significant. All experiments were 
carried out in accordance with the requirements in the Guide for 
the Care and Use of Laboratory Animals. 
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Fig 2.—Changes in blood glucose levels and white blood cell 
concentrations in baboons infused intravenously with lethal doses 
of Escherichia coli and treated with infusions of naloxone hydro- 
chloride plus gentamicin sulfate or gentamicin only (see text for 
details of drug dosages). For explanation of symbols, see Fig 1. 
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Fig 3.—Changes in carbon dioxide and oxygen pressures (Pco, 
and Po,) in baboons infused intravenously with lethal doses of 
Escherichia coli and treated with infusions of naloxone hydro- 
chloride plus gentamicin sulfate or gentamicin only (see text for 
details of drug dosages). For explanation of symbols, see Fig 1. 


4 (2) 12 (10) 


B-Endorphin, pg/mL 


19.8+6.1 (5) 
45.5+22.0 (5) 


53.7+13.3 (5)t 
72.8+24.0 (5) 
51.6+30.0 (3) 


49.5+19.7 (5) 


106.7+9.3 (4)tt 
39.1+16.5 (4) 
54.5+34.2 (2) 


50.4+14.2 (3)f 
48.2+19.5 (5) 
59.1+13.9 (2) 


41.1+5.5 (3) 
72,0+33.4 (4) 
209.5+0 (1) 


Cortisol, nmol/L (,.g/dL) 


830 + 200 
[30.2 + 7.3] 
(5) 
470+ 150 
[17.0 2 5.3] 
(5) 
840 +300 
[30.3 + 10.8] 
(5) 





1030 + 190 


[37.2+6.9] 
(5)t 


550+ 70 
[19.8 +2.6] 
(5) 


540+150 
[19.6 4 5.5] 
(4) 


*Values are mean + SE (number of subjects), with conventional cortisol values in brackets. For an explanation of groups, see text. Posttreatment indicates time 
(in parentheses, hours) following initiation of saline or naloxone hydrochloride administration. 

TP«.05, repeated-measures analysis of variance and paired comparison with zero time. 

+P<.05, collective comparison of all groups using analysis of variance; then, further delineation with unpaired t test indicated statistical differences between 


groups 1 and 2. 


§P<.05, collective comparison of all groups using analysis of variance; then, further delineation with unpaired t test indicated statistical differences between 


. groups 1 and 2, 1 and 3, and 2 and 3. 


RESULTS 


There were no significant differences in the mean concen- 
trations of colony-forming units of E coli among the three 
groups at any time (P>.05). The number of organisms 
present in the circulation at the 12th hour was approx- 
imately 1/10 000 of that at the second hour, Table 1 summa- 
rizes the survival data of the three groups and shows that 
there were no differences among any of the three groups. 
The percentage of permanent (greater than seven days) 
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survival was as follows: group 1 (E coli and gentamicin), 
20%; group 2 (E coli, gentamicin, and naloxone, 5.4 mg/kg), 
20%; and group 3 (E coli, gentamicin, and naloxone, 
9.6 mg/kg), 20%. The average survival time of the nonsur- 
vivors in each of the three groups was less than 30 hours, 
and there were no significant differences in survival times 
between the groups. 

The pattern of MSAPs of the three groups of baboons 
were similar, with a nadir at two hours, when all E coli had 
been administered (Fig 1). Baboons in group 2, given the 
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smaller dose of naloxone, showed a recovery of MSAP to 
control] values within five hours, whereas pressures of 
baboons receiving the larger dose of naloxone (group 3) 
remained significantly below values of group 2 baboons 
from the fourth to the llth hour (P<.05). Mean heart rates 
rose significantly in all baboons within two hours following 
the onset of E coli infusion and remained elevated through 
the 12th hour (P<.05). Naloxone treatment did not alter the 
tachycardia effects of septicemia. 

Figure 2 shows that there were similar responses in 
glucose concentrations in each of the three groups: early 
hyperglycemia (at two hours) was followed by a return to 
approximately control levels, then values were relatively 
constant from four to 12 hours. All groups were leukopenic 
from two to 12 hours. While Po, remained relatively 
constant in all groups, Pco, fell significantly during the 21- 
hour period (Fig 3). 

The 8-endorphin concentrations (Table 2) of the baboons 
given no naloxone (group 1) significantly increased at 2, 4, 
and 8 hours after being challenged with the infusion of 
E coli. The g-endorphin levels of the baboons given 
naloxone after E coli infusion did not significantly ehange 
during the 12 hours of observation. The only significant 
difference among the groups occurred at four hours, when 
the B-endorphin level of the group given the lower dose of 
naloxone was significantly lower than that of the group not 
given naloxone. 

The serum cortisol concentrations (Table 2) of the ba- 
boons given the lower dose of naloxone or no naloxone 
significantly increased at four and eight hours after the 
infusion of E coli was begun. The only significant difference 
among the groups occurred at eight hours, when the 
cortisol concentration of group 1 was higher than that of 
groups 2 and 3 and the concentration of group 2 was higher 
, than that of group 3. 

Serum urea nitrogen and creatinine concentrations in- 
creased from control values to the 12th hour in each of the 
groups. Mean serum urea nitrogen concentrations (control 
to 12th hour) were as follows: group 1, 4.6 to 9.6 mmol/L of 
urea (13 to 27 mg/dL); group 2, 3.9 to 8.9 mmol/L (11 to 
25 mg/dL); and group 3, 3.6 to 10.0 mmol/L (10 to 28 mg/dL). 
Mean serum creatinine levels (control to 12th hour) were as 
follows: group 1, 70 to 220 pmol/L (0.8 to 2.5 mg/dL); group 
2, 60 to 240 pmol/L (0.7 to 2.7 mg/dL); and group 3, 60 to 
290 wmol/L (0.7 to 3.3 mg/dL). These elevations of serum 
urea nitrogen and creatinine were statistically significant 
within each of three groups (P<.05) but did not differ 
among the groups (P>.05). 

At the time of death (9.5 to 62 hours) or euthanasia (eight 
to 13 days), a complete autopsy of each baboon was 
performed. Gross postmortem examinations revealed that 
the adrenal glands in all nonsurviving baboons appeared 
brownish red and when sectioned exuded a brown fluid 
(consistent with hemorrhage). In some baboons the adrenal 
glands appeared to be reddish brown structureless masses. 
Congestion and/or hemorrhage was seen in 75% of the 
kidneys of the nonsurvivors, but these lesions were not 
observed in the adrenal glands or kidneys of survivors. The 
liver appeared engorged in ten of 12 of the nonsurvivors, 
and abscess formation was noted in two of three of the 
survivors. No significant lesions were seen in the lungs of 
17% of the nonsurvivors and 100% of the survivors, whereas 
congestion and/or hemorrhage was observed in 88% of the 
nonsurvivors. Hearts of four of 12 nonsurviving baboons 
appeared abnormal: petechial hemorrhages restricted to 
the epicardium were seen on the right and/or left ventric- 
ular surfaces. The most unique finding was intussuscep- 
tions of the jejunum, ileum, or ileum into the colon in 67% 
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of the nonsurvivors. In one half of these nonsurvivors the 
intussusceptions ranged from 7.5 to 15 em in length. The 
most severe intussusceptions in the nonsurvivors were 
observed in baboons given naloxone (75% of these were in 
the low-dose naloxone group). 


COMMENT 


The present study was designed to evaluate and compare 
the effectiveness of two different naloxone regimens for the 
posttreatment of live E coli organism-induced septicemia. 
Naloxone hydrochloride was administered to one group of 
baboons at the smallest bolus dosage that initially produced 
an increase in MSAP (0.5 mg/kg), then infused continuously 
at that dose until the 12th hour. Naloxone hydrochloride was 
also given to a group of baboons in a larger bolus dosage 
(2 mg/kg) followed by an infusion of that dose until the sixth 
hour. The baboons given the smaller dose of naloxone 
maintained their MSAPs at significantly higher values 
(P<.05) during the 12-hour period. The differences in blood 
pressure between the two groups did not result in differ- 
ences in survival. In fact, the percent permanent survival 
(2096) was the same in each group; one baboon in each of the 
three groups survived more than seven days. Also, survival 
times of nonsurvivors were not different among the three 
groups, averaging less than 30 hours. 

Serum urea nitrogen and endogenous creatinine concen- 
trations rose significantly and similarly in each of the three 
groups during the 12-hour monitoring period (P<.05). 
Previously reported baboon studies have shown that the 
highest concentrations of serum urea nitrogen occur in 
animals given E coli only (no gentamicin), which suggests 
that the elevations of serum urea nitrogen were not due to a 
nephrotoxic action of gentamicin.*” Results indicate that 
the renal dysfunction and kidney disease caused by E coli 
challenge” were not prevented or attenuated by naloxone. 
Significant disease was observed in 75% of the baboons. 
Multiple-organ disease was evident in the majority of 
baboons receiving naloxone treatment: adrenal hemor- 
rhage and congestion were observed in all nonsurvivors; 
extensive liver, lung, and kidney disease was seen in 75946 to 
8096 of baboons; and intestinal intussusceptions in rela- 
tively advanced stages were evident in most nonsurviving 
baboons.!* 

Circulating white blood cell concentrations were reduced 
for a longer period after E coli administration in the present 
study than in our previous baboon study, in which meth- 
ylprednisolone sodium succinate was given instead of nalox- 
one." These data suggest that the earlier the numbers of 
circulating leukocytes are restored toward normal levels, 
the more likely the animal is to recover from severe sepsis. 

Septicemia is a potent stimulus to the pituitary-adrenal 
axis, resulting in increases in circulating levels of cor- 
ticotropin and g-endorphin, followed by increases in cor- 
tisol."^5 Likewise, septicemia in baboons resulted in a 
fivefold elevation of circulating B-endorphin at four hours 
following initiation of septicemia, indicating an increase in 
the release of proopiomelanocortin-derived hormones.* 
Consistent with the time lag required between pituitary 
activation and subsequent adrenocortical response, cortisol 
levels increased more than twofold at eight hours. In the 
present studies, naloxone significantly attenuated the sep- 
ticemia-induced increases in B-endorphin and cortisol. The 
lack of early significant increases in B-endorphin levels in 
the naloxone-treated groups could possibly account for the 
negative survival results. These observations with nalox- 
one indicate that the endogenous opioid systems may play a 
role in the activation of the pituitary-adrenal axis following 
septicemia, possibly by interfering with the neuroendo- 
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crine responses evoked by endotoxin or endogenous pyro- 
gen (interleukin 1). 

It has been reported that decreases in temperature may 
block the action of naloxone in endotoxin-shocked animals.” 
Attempts were made in the present study, as well as in our 
previous study, to control care and skin temperatures of 
baboons and the ambient temperature. Ambient tempera- 
tures ranged between 22 and 26°C, and skin temperatures 
ranged from 23.5 to 27.8°C. These values are considered 
within normal limits and, therefore, should not adversely 
influence the action of naloxone. 

Comparisons were made between responses during the 
12-hour monitoring period of the three surviving baboons 
(one from each group) and responses of the 12 nonsurviving 
baboons. Blood glucose, white blood cell concentrations, 
pH, and Pco, were generally higher in surviving animals; 
heart rates, serum gentamicin concentrations, serum creat- 
inine concentrations, and respiration rate were generally 
lower in survivors. Survivors required less saline to coun- 
teract rises in their hematocrits due to the effects of E coli, 
and decreases over time in their skin temperatures were 
attenuated. 

Previously, it was not possible to demonstrate a thera- 
peutic response to naloxone in septicemic baboons despite 
the positive response to naloxone in dogs subjected to septic 
shock.’ The present studies were designed to evaluate the 
efficacy of naloxone in baboons subjected to E coli sepsis 


y» IAS W^ oy = = ` a, x = m4 “15 = 
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using different doses and times of drug administration. In 
addition to measuring metabolic and autonomic variables, 
we investigated the hormonal responses to sepsis and 
naloxone administration. Although a smaller dose of nalox- 
one maintained MSAP at higher values, increased survival 
was not attained by any dose of naloxone. Consistent with 
other reports, naloxone administration was associated with 
an increase in plasma catecholamine levels beyond the ex- 
tremely high values observed in sepsis. It is possible that 
this effect of naloxone contributes to a further exacerbation 
of the sympathetic responses in baboon sepsis. Plasma 
B-endorphin and cortisol levels were also elevated by E coli 
infusion in the present study. Naloxone prevented the 
increase in plasma B-endorphin produced by E coli and 
blunted the increase in plasma cortisol concentrations. It is 
concluded that although naloxone is able to modify hemo- 
dynamic, metabolic, and endocrine responses to sepsis, it is 
without demonstrable therapeutic benefit to the baboon 
model of septic shock. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
T-Cell Subsets and Natural Killer Cell Function With Squamous Cell Carcinoma of the Head 


and Neck 


Marshall Strome, MD; John R. Clark, MD; Marvin P. Fried, MD; Susan Rodliff; Beverly A. Blazar, PhD 


Twenty-two patients with squamous cell carcinoma of the head and neck were studied to assess potential 
abnormalities in total T lymphocytes, T4/T8 ratios, and natural killer cell function. Total T-cell counts were 
reduced for the entire group with the greatest reduction occurring in individuals with hypopharyngeal 
tumors and/or stage IV disease. Helper to suppressor ratios were within the norm for the total group, but 
specific site variances were detected in patients with oral cavity and hypopharyngeal primary carcinomas. 
Similarly altered T4/T8 ratios were noted with stage III disease. Substantive differences in natural killer 
cell activity were not observed. These data suggest that perturbations in T-lymphocyte subsets can be 
associated with decreased survival (Arch Otolaryngol Head Neck Surg 1987;113:1090-1093). 

Reprint requests to Joint Center for Otolaryngology, 333 Longwood Ave, Boston, MA 02115 (Dr Strome). 
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Effects of Female Sex Hormones and 


“Pregnancy on Gallbladder Prostaglandin 


3 


Synthesis 


Eddie L. Hoover, MD; Bernard M. Jaffe, MD; Hueldine Webb, MD; David W. England, MB, ChB 


e To investigate whether female sex hormones anc preg- 
nancy induce increased gallbladder synthesis of prostaglan- 
din |, (PGI,) and prostaglandin E (PGE), we used an in vitro 
incubation chamber to quantitate the effects of progesterone, 
estrogen, pregnancy, and pregnancy plus a 2%-cholesterol 
diet on mucosal and serosal PGI, and PGE production by the 
rabbit gallbladder. Neither the female sex hormones nor preg- 
nancy alone caused a significant increase in PGI, or PGE 
synthesis. The gallbladders of cholesterol-fed, pregnant rab- 
bits demonstrated significant increases only in serosal syn- 
thesis of PGI,. This increased production was equivalent to 
that noted for gallbladders from nonpregnant rabbits fed a 
high-cholesterol diet. There were no increases in mucosal 
synthesis of PGE or of PGI,. Thus, neither elevated levels of 
progesterone or estrogen nor pregnancy is directly responsi- 
ble for the increased PGI, activity in the female gallbladder; 
conversely, this effect seems to be mediated by the increased 
biliary concentrations of cholesterol. 

(Arch Surg 1988;123:705-708) 


omen of child-bearing age are at an increased risk of 
developing gallstones, in that there are three times as 
many women as men with stones in this age bracket.’ 


Increases in bile lithogenicity,’ gallbladder stasis,’ and 


gallbladder mucous production‘ have been cited as impor- 
tant factors in cholesterol gallstone formation. During 
pregnancy, gallbladder volume and the residual volume 
after contraction are known to be increased.” 

Recently, prostaglandins have been shown to increase 
gallbladder contractility,? increase luminal mucous produc- 
tion,’ and reverse net isosmotic fluid absorption across the 
gallbladder wall to secretion.* Lee et al? demonstrated that 
aspirin, a known inhibitor of prostaglandin biosynthesis, 
prevented gallstone formation in prairie dogs. Myers" 


found a 20-fold higher level of prostaglandin I, (PGI,) and 


Accepted for publication June 17, 1987. 

From the Department of Surgery, Brooklyn Veterans Administration 
Medical Center and the State University of New York-Health Science 
Center at Brooklyn. 
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prostaglandin E, (PGE,) in gallbladders from female rab- 
bits as compared with those from male rabbits. 

Oophorectomy has been shown to reduce prostaglandin 
synthesis by 8096, and estrogen replacement restored the 
values to the initial levels." This observation suggests a 
possible role for estrogen in the elevated prostaglandin 
levels reported in female subjects. We have demonstrated 
that a high-cholesterol (2%) diet increased serosal PGI, 
synthesis in gallbladders from female rabbits, whereas 
there was no effect on the mucosa or on gallbladders from 
male rabbits.” 

In this study, we used an in vitro incubation chamber 
technique” to quantify the effects of progesterone, es- 
trogen, pregnancy, and cholesterol plus pregnancy on gall- 
bladder PGI, and PGE synthesis in female rabbits. We 
sought to determine if female hormones or pregnancy or 
both influence gallbladder prostaglandin production and 
whether they might be factors in the increased incidence of 
gallstones in women. 


MATERIALS AND METHODS 


Five groups of 6-month-old, female New Zealand white rabbits 
(3.6 to 4.5 kg) were studied; each group contained five animals, The 
treatment groups were as follows: group 1, controls; group 2, 
animals receiving 14 daily subcutaneous injections of progesterone 
(2.0 mg/kg); group 3, animals receiving 14 daily subcutaneous 
injections of B-estradiol-3-benzoate (200 ng/kg); group 4, pregnant 
animals; and group 5, pregnant animals fed a high-cholesterol (2%) 
diet for 14 days. Commercially obtained progesterone and estrogen 
(Sigma Chemical Co) were dissolved in ethyl alcohol and were 
then emulsified with peanut oil (injection volume, 0.4 mL) as a 
carrier. The final concentration of ethyl alcohol injected was 2.5%. 
Pregnant animals were mated at the breeders and were at 21 days 
of gestation (full term, 28 to 31 days) at the time of experimenta- 
tion. Confirmation of pregnancy was made at operation. No 
attempt was made in groups 1 through 3 to standardize the time 
of the estral cycle. 

Food but not water was withdrawn 24 hours before experimen- 
tation. The animals were anesthetized with pentobarbital so- 
dium, 25 mg/kg, and chlorpromazine hydrochloride (Thorazine), 
12.5 mg/kg. The gallbladders were exposed through a midline 
incision, aspirated, and carefully removed. Bile volumes were 
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Table 1.—Effects of Sex Hormones, Cholesterol, and Pregnancy on Gallbladder Volume, 
Serum Hormone Level, and Serum and Biliary Cholesterol Levels 


Serum Bile 
Gallbladder Cholesterol, 
Volume, mL mmol/L (mg/dL) 


1.39+ 0.20 
(51+8) 
1.73+0.34 

(67 + 13) 
1.42 0.18 
(552 7) 


0.44 3 0.03 
(173 1)1 


Condition mol/dL 


0.33 +0.01 
0.52 +0.08 
0.45 +0.07 


2.4 0.21 0.33 + 0.02 


Pregnancy and  2.8—0.3f 
cholesterol 


*P<.05 vs control. 
tP<.001 vs control. 
+P<.01 vs control. 


recorded before the bile was frozen at —20°C for subsequent 

analysis. At the end of the procedure, serum samples were 

obtained for quantitation of progesterone, estrogen, and choles- 

roe concentrations. The animals were killed by anesthetic over- 
ose. 

The technique for handling the gallbladder tissue has been 
described previously." The opened organ was bathed in HEPES 
buffer (pH, 7.35; 37°C) in a jacketed tissue bath that was continu- 
ously bubbled with 95% oxygen and 5% carbon dioxide for 30 
minutes. Two equal full-thickness sections were then placed in 
each specially designed incubation chamber.” This chamber con- 
sisted of four individual cells with two separate access portals 
allowing simultaneous but separate incubation of an 11.25-mm? area 
of both mucosa and serosa. Two gallbladders were studied simulta- 
neously in each chamber, and each section of tissue was incubated 
for a total of ten three-minute periods with the chamber inside an 
incubator at 37°C. The incubation sequence was the same in each 
experiment. Basal prostaglandin production was measured for the 
first three periods. Arachidonic acid, 25 nmol in 1.0 mL, was added 
during the fourth and fifth periods and then removed. Experi- 
ments were concluded with five periods of incubation with control 
buffer (1.0 mL of oxygenated HEPES buffer that was pipetted into 
each well before the chamber was placed inside the 37°C incubator). 
After each incubation period, the medium was removed and added 
to 0.01 mL of buffer containing 25 nmol of salicylic acid (to prevent 
further prostaglandin synthesis), and the samples were imme- 
diately frozen at — 20°C for subsequent prostanoid radioimmuno- 
assay. Arachidonic acid was initially dissolved in ethyl alcohol and 
diluted to the necessary concentration with incubating medium. 
The final concentration of ethyl alcohol was less than 0.01%. All 
samples were assayed for PGI, and PGE,. The rates of synthesis for 
each individual gallbladder were calculated as the mean of the two 
sections studied. 

Radioimmunoassays were performed for PGI, (as its stable 
hydrolysis product, 6-keto-prostaglandin-F,, [6-keto-PGF,,]) and 
PGE, using specific homologous antibodies." The PGE, antiserum 
had equal cross-reactivity with PGE,, and therefore results reflect 
total PGE activity. Antisera directed against 6-keto-PGF,, and 
PGE, and authentic homologous prostanoid standards were ob- 
tained from a commercial source (Seragen). Results from initial 
assays using these antisera were compared with those derived in 
our laboratory,” and concentrations quantitated using both sets of 
antisera were identical. Tritiated 6-keto-PGF,, and tritiated PGE, 
were also obtained from a commercial source (New England 
Nuclear Research Products). Maximal sensitivities of these assays 
were 25 and 10 pg for 6-keto-PGF,, and PGE, respectively. 
Initially, samples were also subjected to assay for thromboxane B, 
(the degradation product of thromboxane A,). However, since 
contractions of this eicosanoid were less than 5% of those of PGI 
and PGE, these measurements were not continued. Samples were 
assayed without prior extraction or chromatography (in assay 
volumes of 0.1 mL). In early studies, we compared data derived 
from unextracted samples with those subjected to neutral organic 
solvent extraction followed by silicic acid chromatography.” Be- 
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Cholesterol, Lithogenic 
0.15+0.01 
0.22+0.03 
0.17+0.02 
0.13+0.01 


213.71 (2530)f 1.25+0.10f 0.46+0.04t 


Serum Serum 
ne, Est 


nmol/L (ng/mL) 
11+4 

(3.35 + 1.15) 
28+6 

(8.73 + 1.82)* 
2+1 

(0.71 +0.19) 
43+6 

(13.4+1.85)t 
50+7 

(15.8 +2.34)t 


Bile 
rogen, Acids, 
(ng/mL) mol/dL 


62.0-6.4  99.2—0.1 


Phospholipids, 
mol/dL 


0.48 +0.06 


Index 


549-3.4 98.2+0.3* 1.31 + 0.23* 


3132+198¢ 97.3-0.3$  2.229-0.26t 
332+37ł 98.2+0.3 1.47 x 0.29* 


199+4.4¢ 296.5-02t 2.28+0.18t 





Table 2.—Basal Production of 6-Keto-prostaglandin F,,* 


Basal Level, pg/cm?/min 
MM Á—— 


Condition Mucosa Serosa Total 


Pregnant, cholesterol treated 1357+532 5668+307 7025+797 
*Values are the mean + SEM. 





cause the concentrations were identical, data presented were 
derived without sample extraction. Since the antisera cross-react 
slightly with arachidonic acid, calibration curves for the radioim- 
munoassays were constructed using buffer to which appropriate 
concentrations of arachidonate were added. This technique allowed 
for measurement of eicosanoid concentrations without interfer- 
ence by cross-reacting arachidonic acid. Similarly, assay curves 
were spiked with estrogen and progesterone as appropriate to 
eliminate possible interference by (minimal) cross-reaction with 
these steroids. 

Serum estrogen and progesterone levels were determined using 
radioimmunoassay kits purchased from two sources (Radioassay 
Systems Laboratories and Cambridge Medical Diagnostics, re- 
spectively). Separation of antibody-antigen complexes from free 
tracer was accomplished by absorption of the free tracer onto 
activated charcoal (0.5% Norit A charcoal, 0.5% Dextran T-70 in 
10 mmol/L phosphate buffer; pH, 7.4). Samples were counted by 
gamma scintigraphy. 

Serum cholesterol levels were measured enzymatically using an 
automated analysis system." Bile acid and cholesterol levels were 
quantified by gas-liquid chromatography” and total phospholipid 
levels were measured colorimetrically.'* The lithogenic indexes 
were calculated using the method of Carey." 

The data are presented as the mean + SEM. Statistical compar- 
isons of incubation conditions using the same tissue sections were 
performed using a t test for paired data; other statistical analyses 
utilized a t test for unpaired data. In addition, the data were 
compared using analysis of variance (ANOVA); P=.05 was consid- 
ered significant. 


RESULTS 


The effect of each treatment on gallbladder volume, 
serum and biliary cholesterol levels, and serum hormone 
levels are tabulated in Table 1. Gallbladder volumes were 
increased during pregnancy but were unchanged by treat- 
ment with either progesterone or estrogen. In group 4, the 
serum cholesterol concentrations in pregnant rabbits were 
lower than those in controls, but bile cholesterol concentra- 
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Fig 1.—Rate of synthesis of prostaglandin |, (6-keto-prostaglandin- 
Fia [6-keto-PGF1,]) and prostaglandin E (PGE). Asterisk indicates 
P<.05 vs control. 
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Fig 2.—Rate of synthesis of prostaglandin |, (6-keto-prostaglandin- 
F,,) by mucosa and serosa. Asterisk indicates P<.005 vs control. 


tions and lithogenic indexes were similar. Only in the 
cholesterol-fed animals were bile cholesterol concentra- 
tions and lithogenic indexes elevated. In group 2, the serum 
progesterone levels were twice as high as in controls but not 
as high as those noted during pregnancy. Estrogen-treated 
rabbits had serum estrogen levels considerably higher than 
those in pregnancy. 

Basal prostacyclin production (periods 1 through 3) was 
measured before arachidonate pulsing. These spontaneous 
biosynthetic data, given in Table 2, represent primarily the 
effects of phospholipase. Estrogen, progesterone, and 
pregnancy did not significantly alter the basal rate of 
prostacyclin synthesis. In contrast, gallbladder serosa 
from pregnant rabbits synthesized significantly more pros- 
tacyelin (5668+307 pg/cm?/min) than did gallbladder 
serosa from untreated animals (3497 +417 pg/em?/min) 
(P «.05). 

Prostaglandin synthesis was also measured after arach- 
idonate acid pulsing. In control gallbladders from female 
rabbits, the arachidonate-stimulated rate of PGI, synthesis 
(5232 + 1058 pg/cm?/min) was greater than that of PGE 
(3091:-1233 pg/cm?/min) (P<.05). Mucosal and serosal 
rates of synthesis of both prostaglandins were comparable 
(PGI, mucosa, 2430+301; serosa, 2802+806 pg/em?/min; 
PGE mucosa, 1065 + 242; serosa, 2026+1,001 pg/cm?/min) 
(P>.05). 

The effects of hormone administration and pregnancy 
with or without cholesterol feeding on arachidonate-stimu- 
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lated prostaglandin synthesis are displayed in Fig 1. Only in 
the gallbladders from cholesterol-fed rabbits was there a 
Significant increase in prostaglandin production after 
arachidonic acid pulsing with respect to control. The rate of 
PGI, synthesis by gallbladders from pregnant rabbits on a 
high-cholesterol (2%) diet rose to 8685 + 1013 pg/em?/min 
(P«.05) The elevation of arachidonate-stimulated PGI, 
produetion by gallbladders from cholesterol-fed pregnant 
animals was confined to the serosal surface: 7055+ 
782 pg/cm’/min for serosa vs 1630+615 pg/em*/min for 
mucosa (P<.05; Fig 2). Total serosal production of PGI, 
from the time of addition of arachidonic acid (periods 
4 through 10) reflected the same trend (control, 55.3+ 
16.8 ng/em*; pregnant and cholesterol-fed, 136.6+ 
22.4 ng/em* [P<.05]). Finally, in the gallbladders from 
cholesterol-fed pregnant rats, the rate of PGI, synthesis 
after arachidonic acid (periods 4 and 5) was significantly 
(P<.05) greater than that noted under basal conditions 
(periods 1 through 3). This augmentation by arachidonic 
acid suggests that cyclooxygenase is involved in pros- 
tacyclin synthesis by the gallbladder, at least under these 
specific conditions. 

In contrast to the effects of PGL,, none of the hormone 
treatments or pregnancy induced any significant changes in 
PGE biosynthesis. 


COMMENT 


In Western societies, women are two to three times as 
likely to have cholesterol gallstones as are men. This 
propensity is noted particularly during the years between 
puberty and menarche.' Both a large number of pregnan- 
cies? and the use of oral contraceptive steroids" have been 
cited as risk factors for gallstone formation. These observa- 
tions suggest that the elevated levels of female sex hor- 
mones achieved during both these states may contribute to 
the etiology of gallstone production. 

It has been known for some time that during pregnancy 
the gallbladder enlarges and empties so sluggishly that 
stasis results." Braverman et al? used ultrasonography to 
demonstrate that gallbladder volume and the residual vol- 
ume after contraction increased during the second and third 
trimesters of pregnancy, while the mean emptying rate 
declined. The same group of investigators demonstrated a 
linear increase in fasting and residual gallbladder volumes 
through the first two trimesters of pregnancy paralleling 
increases in serum concentrations of progesterone. Women 
taking oral contraceptives have been reported to have 
increased fasting volumes and normal gallbladder emptying 
rates and residual volumes after contraction." If synthesis 
of prostanoids by the gallbladder were increased during 
pregnancy, a prostaglandin-induced effect on fluid trans- 
port and absorption may play a role in this increased 
volume. 

Pregnancy and oral contraceptive use are associated with 
increased bile lithogenicity. Kern et al,” studying human 
duodenal bile, reported that bile lithogenicity (caused by an 
inerease in cholesterol secretion) increased during the 
second and third trimesters. In contrast, the composition of 
bile was normal throughout all phases of the ovulatory cycle 
and during the first third of pregnancy. Oral contraceptives 
have also been shown to increase bile lithogenicity, presum- 
ably due to increased cholesterol secretion rates.” In this 
study estrogen, progesterone, and pregnancy had no effect 
on cholesterol levels in either serum or bile. Thus, we 
investigated prostaglandin synthesis by the gallbladder in 
the absence of alterations in biliary cholesterol metabolism. 

Inthis study, we measured prostaglandin synthesis in the 
absence and in the presence of added arachidonate. The fact 
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that spontaneous prostacyclin synthesis by gallbladders 
from cholesterol-fed pregnant rabbits was increased attests 
to a role for phospholipase. While previous studies have 
suggested that changes in phospholipase activity account 
for the increases in gallbladder prostaglandin synthesis” 
and that exogenous and endogenous arachidonate may be 
utilized differently in the synthesis of prostaglandins,” the 
use of arachidonic acid pulsing was selected to deal with an 
additional specific component of prostaglandin biosynthe- 
sis. Pace-Asciak and Wolfe? reported the eicosanoid pro- 
duction by homogenates of gastric mucosal cells in vitro in 
response to arachidonic acid in 1970. We adapted this 
technique to characterize the prostaglandin synthesis by 
tumor cells.” In these studies, in which sonicated cells 
provided the source of cyclooxygenase, there was a direct 
and linear relationship between the amount of arachidonic 
acid added and the concentrations of PGE, and PGF, 
synthesized. Our rationale for the use of arachidonic acid 
pulsing in these studies was similar, ie, to quantitate the 
ability of gallbladder tissue to convert precursor arach- 
idonie acid to prostaglandin and prostacyclin. By over- 
whelming phospholipase, cyclooxygenase activity was 
studied under several specific conditions. Since sex- and 
cholesterol-related changes were observed, cyclooxy- 
genase activity also seems to play a significant role in the 
control of eicosanoid biosynthesis by the gallbladder. 
Myers” reported that castration of female rabbits in- 
duced significant reduction in the rate of prostaglandin 
production by the gallbladder. Chang et al” demonstrated 
increased PGI, synthesis in rabbit aortic smooth muscle in 
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response to estrogen administration; using cultured aortic 
smooth-muscle cells, they subsequently reported that the 
increased conversion of arachidonic acid to PGI, was due to 
induction of fatty acid cyclooxygenase.” In contrast to 
these observations, which suggest that female sex hor- 
mones influence prostaglandin biosynthesis, our study has 
failed to document any increase in gallbladder synthesis of 
PGI, or PGE during pregnancy or under the influence of 
individual sex hormones. While we have no definite expla- 
nation for this discrepancy, Myers” studied the effects of 
estrogen withdrawal and replacement, not the effects of 
administration of exogenous sex steroids on fertile, other- 
wise normal animals. 

In addition to the above observation, these studies have 
confirmed our previous findings that gallbladders, par- 
ticularly the serosa, from female rabbits synthesized signif- 
icantly more PGI, when the rabbits were fed a high- 
cholesterol (2%) diet. This increased production of PGI, was 
equivalent in gallbladders from normal” and pregnant 
animals (189.8 + 13.0 and 136.6 + 22.4 ng/em’, respectively). 
We conclude that neither pregnancy nor the female sex hor- 
mones per se have any direct effect on PGI, or PGE synthe- 
sis by the gallbladder. Hence, if gallbladder prostaglandin 
synthesis during pregnancy plays any role in the associated 
biliary abnormalities, these changes are probably second- 
ary to elevated biliary cholesterol concentrations. 


This study was supported in part by the Foundation for Surgical Educa- 
tion and Investigation. S. Haynes and V. England provided technical 
assistance and support. J. Feldman, PhD, assisted with the statistical 
analysis. B. Cohen and E. Mosbach performed the bile analyses. 
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Pneumoperitoneum and Its Association 
“With Ruptured Abdominal Viscus 


Thomas G. Winek, MD; H. Steven Mosely, MD; Gordon Grout, MD; David Luallin, MD 


e Pneumoperitoneum is not invariably associated with rup- 
tured or perforated intra-abdominal viscus. To determine the 
incidence of free air associated with intra-abdominal viscus 
perforation, the medical records of 77 consecutive patients 
whose discharge or autopsy diagnosis included pneumoper- 
itoneum or perforated viscus at a community hospital were 
retrospectively reviewed between June 1980 and October 
1985. Abdominal viscus perforation, as determined by con- 
trast studies or at operation, was not invariably associated 
with free air. Sixty-nine percent (23/33) of gastroduodenal, 
30% (3/10) of small-bowel, and 37% (11/30) of large-bowel 
perforations had free air, as determined by preoperative x-ray 
film. Four cases with a total of six episodes of pneumoperito- 
neum were identified where viscus perforation was not docu- 
mented. Pneumoperitoneum thus remains a reliable sign of 
viscus perforation; however, lack of this finding does not rule 
out perforation, and unusual causes must be considered. 

(Arch Surg 1988;123:709-712) 


he roentgenographic finding of intra-abdominal free 

air is commonly associated with a perforated viscus. 
Acute signs of peritoneal irritation often accompany this 
finding and generally lead to prompt surgical intervention. 
Previous studies have determined that 90% of patients 
with intra-abdominal free air have a perforated viscus and 
thus a surgically correctable lesion.! Several recent case 
reports, however, have emphasized the nonsurgical treat- 
ment of unusual causes of pneumoperitoneum.?* This com- 
munication reviews a recent hospital series of perforated 
viscus. Roentgenographic criteria of pneumoperitoneum, 
mechanism of air entry, and unusual causes of pneumoper- 
itoneum will be discussed. 


MATERIALS AND METHODS 


The medical records of consecutive patients admitted to Good 
Samaritan Hospital, Portland, Ore, from June 1980 to October 
1985, whose discharge or autopsy diagnosis included pneumoperi- 
toneum or perforated viscus were reviewed. To qualify for the 
study, patients were required to have had either an upright chest 
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x-ray film, abdominal series, or contrast studies within 36 hours 
prior to initiating surgical or medical therapy. Patients who had 
been operated on during the previous 30 days or who had 
undergone peritoneal lavage prior to diagnostic studies were 
excluded. The diagnosis of a perforated viscus was confirmed 
either at surgery, autopsy, or with contrast roentgenography. 


RESULTS 


A total of 77 patients with 79 episodes of ruptured viscus 
or pneumoperitoneum qualified for the study. There were 
42 women and 35 men. Ages ranged from 31 to 95 years, 
with an average age of 67 years. The site of viscus 
perforation was broken down into stomach and duodenum, 
small bowel, and colon. Table 1 summarizes the various 
causes of viscus perforation and the number and percentage 
that were associated with roentgenographically confirmed 
pneumoperitoneum. 

Peptic ulcer disease accounted for all 33 patients with 
gastroduodenal perforation. Sixty-nine percent (23/33) of 
these patients were noted to have free air preoperatively 
on roentgenographic examination. Small-bowel perforation 
occurred most frequently in association with inflammatory 
bowel disease or mesenteric infarction. Only 30% (3/10) of 
the small-bowel perforations were associated with roent- 
genographic evidence of free air. Thirty cases of large- 
bowel perforation were identified during the study period. 
Twenty-six of the 30 patients were found to have either 
diverticulitis (21) or a perforating colon cancer (five). The 
incidence of roentgenographically identifiable free air in 
this group was only 37%. 

Table 2 includes patients who had unusual presentations 
of pneumoperitoneum whose final site of perforation was 
never absolutely demonstrated. This group includes a 
patient with free air and a history of Crohn’s disease whose 
barium enema examination and small-bowel follow-through 
did not demonstrate perforation. No perforation was found 
in a patient with an intra-abdominal abscess from which 
anaerobic organisms grew. A third patient had an upper 
endoscopy six hours prior to laparotomy with massive free 
air on x-ray film but with no identifiable perforation at 
laparotomy. Finally, a 34-year-old woman presented three 
times with massive intra-abdominal free air. She was 
initially operated on with no perforation identified. She 
was discharged to return one month later because of 


Pneumoperitoneum—Winek et al 709 


" 


Xe Haee TENT Dm TRASEN Wim + V PEN (XE « 
v: hy p 


Table 1.—Site of Viscus Perforation and Percentage of Time 
Free Air Was Noted on Preoperative X-ray Film 


Free Air Present 
No.  onX-ray Film 





Site of perforation 


Gastroduodenal 
Gastric or channel ulcer 


Duodenal ulcer 


% of Time 


































Small bowel 
Inflammatory bowel disease 3 0/3 


Jejunal diverticulum 1 0/1 


Perforation secondary 
to carcinoma 


1 
Marginal ulcer 1 
Mesenteric infarction 2 1/2 
Radiation enteritis 1 
Gallstone ileus 1 
Total 10 


Large bowel 
Diverticulitis 21 6/21 


Perforation secondary 
to carcinoma 


5 

Ulcerative colitis 2 0/2 
1 
1 


3/10 30 


Ischemic colitis 
Sigmoid volvulus 
Total 


massive intra-abdominal free air. She was treated conser- 
vatively with antibiotics and fluids and improved, only to 
return three months later—again with free intraperitoneal 
air. She was taken back to the operating room, where a 
tubal pregnancy was found. 


COMMENT 


Pneumoperitoneum is a roentgenographic finding. Free 
air can enter the peritoneum by four different methods. 
Most commonly it involves a peritoneal or retroperitoneal 
viscus perforation. It may also dissect along mediastinal 
structures to enter the abdomen from the thorax. [atro- 
genic or surgical exploration is a third method of entry, 
and finally the female genital tract provides a fourth 
pathway of free air entering the peritoneum. 

Miller and coworkers’ have demonstrated that the left 
lateral decubitus view can detect as little as 1 mL of 
injected air provided that the patient is placed on the left 
side for 20 minutes. This position has several advantages 
in that it allows free air to accumulate between the 
abdominal wall and liver, thereby removing confusing 
shadows caused by an irregular diaphragm, gastric bubble, 
and intraluminal bowel gas. This position also favors visu- 
alization of retroperitoneal air as it allows escape of air 
through the foramen of Winslow into the peritoneal cavity.* 


Intra-abdominal Sources 


Free air may enter the abdomen from intra-abdominal 
sources. The most common cause of this is rupture of a 
hollow viscus. In the past, perforated peptic ulcer ac- 
counted for 80% to 90% of patients with pneumoperito- 
neum.? Since the advent of H2 blocker drugs, this is no 
longer true. Perforated small and large bowels account for 
the majority of the remainder of intra-abdominal causes of 
pneumoperitoneum. 

One relatively uncommon cause of pneumoperitoneum 
from an abdominal source includes 14 cases of ruptured 
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jejunal diverticulum.’ In these cases air probably escapes 
from a microscopic perforation in the diverticulum that 
subsequently seals. This occurs without significant bacte- 
rial soiling of the peritoneal cavity, and the diagnosis is 
usually made at exploratory laparotomy or small-bowel 
follow-through examinations. 

Pneumatosis cystoides intestinalis can also account for 
pneumoperitoneum."” In this relatively uncommon dis- 
order, air-filled cysts develop under the serosa of involved 
large or small bowel. The cysts vary in size from a few 
millimeters to several centimeters. Pneumoperitoneum can 
develop as a result of cyst rupture. Pneumatosis intestinalis 
has been found in association with chronic obstructive 
pulmonary disease, asthma, tuberculosis enteritis, appen- 
dicitis, regional enteritis, cystic fibrosis, and collagen 
vascular disorders. Patients with systemic lupus erythe- 
matosus, progressive systemic scleroderma, polymyositis, 
rheumatoid arthritis, and mixed connective-tissue disease 


have all been reported to have this condition. Surgical += 


specimens from patients with systemic lupus erythemato- 
sus often demonstrate that these cysts are associated with 
a vasculitis, bowel-wall ischemia, and necrosis. In contrast, 
specimens from patients with mixed connective-tissue 
disease, scleroderma, and rheumatoid arthritis often show 
fibrotic tissue replacing longitudinal muscle and no evi- 
dence of vasculitis. This distinction is important in planning 
rational therapy in this cause of usually benign nonsurgical 
pneumoperitoneum. 

Several other reports describe unusual cases of pneu- 
moperitoneum. These include free air following inguinal 
hernia repair reported by Harrison and Litwer.'* Papp and 
Sullivan“ reported a case of pneumoperitoneum secondary 
to aerophagia and Hovelius® reported a case of pneumo- 
peritoneum in a patient with emphysematous gallbladder 
in which no obvious perforation was found. 


Intrathoracic and Oral Sources 


Pneumoperitoneum from an intrathoracic source is be- 
lieved to occur when air escapes into the mediastinum from 
the lung or oropharynx. It subsequently dissects into the 
retroperitoneum by way of perivascular or periesophageal 
structures and then enters the peritoneum through the 
foramen of Winslow or via rupture along the mesentery. 
Generally pneumomediastinum or pneumothorax are also 
present. Case reports describe several situations where 
nonsurgical pneumoperitoneum developed secondary to an 
intrathoracic source. These include pneumoperitoneum 
secondary to ventilatory support and positive end-expira- 
tory pressure, along with intermittent positive pressure 
breathing therapy, infection with gas-forming organisms ' 
and tuberculosis, ruptured emphysematous bleb adjacent 
to the diaphragm, as well as bronchopleural fistula through 
the right diaphragm.'?2 Oral procedures such as adeno- 
tonsillectomy and lower molar extraction have also pro- 
duced pneumoperitoneum. 5. 

There are more frequent intrathoracic conditions, how- 
ever, that present diagnostic and therapeutic dilemmas. A 
recent literature review described 11 cases of pneumo- 
peritoneum following cardiopulmonary resuscitation." 
Physical examination in these comatose and intubated 
patients is difficult and produces unreliable results. Oper- 
ative intervention carries exceedingly high mortality. Of 
the 11 patients, eight were found to have rupture of the 
esophagus or stomach. An upper gastrointestinal tract 
series in two of these eight failed to demonstrate perfora- 
tion, and only three of the eight were found to have 
hematemesis or blood per nasogastric tube. Peritoneal 
lavage is mentioned as a possible aid in differentiating 
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Table 2.—Cases and Management of Unusual Causes of Pneumoperitoneum 


Primary 
Illness 


Crohns disease Ye 


Case/Age, y/Sex Free Air 


1/52/M 


3/62/M intra-abdominal abscess 


Acute abdomen 
5/34/F* Recurrence of free air 
6/34/F* Ectopic pregnancy 
*Same patient with two separate recurrences of intra-abdominal! free air. 


4/34/F 


surgical from nonsurgical pneumoperitoneum, although its 
value in the first three to four hours is limited.’ 
Pneumoperitoneum associated with pneumothorax in the 


^4 trauma patient also constitutes a surgical dilemma. Positive 


airway pressure in intubated patients made up the sub- 
group at highest risk. Ordinarily intra-abdominal pressure 
exceeds intrathoracic pressure by an average of 20 to 
30 em H,O during both inspiration and expiration. Simple 
pneumothorax then is generally not associated with pneu- 
moperitoneum. People with rapid treatment of tension 
pneumothorax also do not develop pneumoperitoneum. In 
patients with tension pneumothorax and mechanical ven- 
tilation, intratracheal pressure higher than 40 cm H,O is 
associated with interstitial emphysema, and if intratra- 
cheal pressure of 50 cm H,0 is obtained, pneumomediasti- 
num can occur. In addition, if intratracheal pressures 
higher than 60 em H,O are obtained, pneumoperitoneum 
and subcutaneous emphysema can occur.?»?! 

Treatment for pneumoperitoneum from suspected intra- 
thoracic sources has varied from close observation and 


^ serial examinations to placement of a Tenckoff catheter for 


a patient with persistent pneumoperitoneum who required 
extraordinary high pressures to maintain adequate venti- 
lation.? Diagnostic procedures that include roentgeno- 
graphic contrast examinations as well as peritoneal lavage 
have also been used to distinguish surgical from nonsurgical 
intrathoracic-associated pneumoperitoneum. 


latrogenic Pneumoperitoneum 


Iatrogenic pneumoperitoneum makes up a third subset 
of pneumoperitoneum. Air admitted to the abdomen follow- 
ing such surgical procedures as laparoscopy and perito- 
neoscopy may persist for up to three weeks before being 
absorbed.?? Free air also occurs following peritoneal dial- 
ysis in up to 27% of patients, as reported by Svetvilas and 
Tannenberg.” 

Upper endoscopy, colonoscopy, and sigmoidoscopy have 
also uncommonly been associated with pneumoperitoneum. 
It has been reported that pneumoperitoneum following 
upper or lower endoscopy occurs in approximately 0.1% of 
procedures.*^ Initially perforation following endoscopic 
examination was believed to be an immediate indication 
for surgery; however, several recent case reports have 
demonstrated that some of these patients can be managed 
medically.** Impressive amounts of free air following en- 
doscopic examinations with normal abdominal examination 
findings and no obvious perforation noted at surgery have 
supported this management. 

Pneumoperitoneum following air-contrast barium enema 
examination has also been reported; however, the majority 
of colonic perforations are associated with retroperitoneal 
leak following balloon catheter insufflation. A total of three 
cases of intra-abdominal perforation with air-contrast bar- 
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X-ray Film Shows 





Presumed 


Site Laparotomy Management 


Colon Antibiotics, improved 


es No i 
2/74/M Following upper endoscopy Yes Duodenal diverticulum Yes No perforation found 
Yes 


Abscess with Yes 
Bacteroides fragilis 


Unknown Yes 
Unknown No 
Fallopian tube Yes 


Drainage of abscess 


No perforation found 
Antibiotics, improved 
Salpingo-oophorectomy 


ium enema examination have been reported. Two of the 
three were managed medically, while the third patient died 
of intra-abdominal sepsis.? 


Female Genital Tract 


A fourth method of air entering the peritoneum is from 
the female genital tract. This occurs with the passage of 
air through the vaginal vault, cervix, uterus, and fallopian 
tubes and into the peritoneal cavity. Women are particularly 
susceptible to this during the peripartum period. Free air 
has been noted during the postpartum period following 
knee-chest exercises, pelvic examinations, and vaginal 
douching.??* Pneumoperitoneum has also been reported 
following vaginal hysterectomy where prolapse of a fallo- 
pian tube was found within the vaginal cuff.” The majority 
of these cases can be managed nonsurgically. 

Air embolus and pneumoperitoneum along with sudden 
death have been reported by Aronson and Nelson? follow- 
ing unusual sexual acts. In their review, seven cases of 
sudden death occurred in women in their second or third 
trimester following forceful vaginal air insufflation by the 
male partner. During pregnancy the volume of air that the 
vagina can hold increases to around 1 L. By forceful 
injection of air, dissection through the cervical canal 
beneath the membranes to reach subplacental sinusoids is 
possible. Three of the seven male partners were charged 
with crimes ranging from criminal abortion to murder. 


CONCLUSION 


Pneumoperitoneum encompasses a wide variety of path- 
ologic processes besides ruptured intra-abdominal viscus. 
Thompson reported that earlier reviews showed that pneu- 
moperitoneum was the result of perforated peptic disease 
in 80% to 90% of cases.? This review in the post-H2 blocker 
era, along with a similar review by Roh et al,? showed this 
percentage to be 69% and 55%, respectively. Abdominal 
viscus perforation as determined by contrast studies and 
at operation is not invariably associated with free air. 
Small-bowel perforation has demonstrable free air in only 
30% of our cases, while large-bowel perforation demon- 
strated free air in 3796 of cases. This corresponds to the 
findings of Roh et al of 41% and 46%, respectively. 

Pneumoperitoneum does not necessarily connote an 
immediate surgical emergency. Exploratory laparotomy 
can often be avoided in pneumoperitoneum associated with 
iatrogenic, intrathoracic, and genital sources. Selected 
causes of intra-abdominal sources of pneumoperitoneum 
can also be managed medically, particularly in patients 
with benign abdominal examinations or pneumatosis cys- 
toides intestinalis. Careful history, repeated physical ex- 
aminations, and close follow-up are necessary whenever a 
clinician is confronted with the roentgenographic finding 
of pneumoperitoneum. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Postoperative Hypertension Associated With Radical Neck Dissection 


W. Frederick McGuirt, MD, John S. May, MD 


The incidence of hypertension following radical neck dissection was examined in 94 consecutive patients. 
Nine patients (9.6%) had postoperative blood pressure readings of 200/100 mm Hg or higher (n= 4) or of more 
than 40 mm Hg systolic and more than 20 mm Hg diastolic above preoperative levels (n = 5); ten patients (10.6%) 
had blood pressure readings of more than 40 mm Hg systolic or more than 20 mm Hg diastolic above preopera- 


tive levels. These elevations usually occurred in the first two postoperative hours and lasted approximately 
nine hours. Six patients required interventional therapy (intravenous nitroglycerin or sodium nitroprusside). = 
No cardiac or central nervous system sequelae resulted, but two patients had postoperative hemorrhage and 
flap elevation by hematoma attributed to the hypertension. Carotid sinus denervation during radical neck 
dissection may be the cause of the reflex hypertension once general anesthesia-induced vasodilation has ended. 
Stripping of tumor from the carotid artery or placement of dermis grafts directly on the artery do not appear to 
influence postoperative development of hypertension (Arch Otolaryngol Head Neck Surg 1987;113:1098-1100). 


Reprint requests to Section on Otolaryngology, Department of Surgery, Wake Forest University Medical Center, 300 S 
Hawthorne Rd, Winston-Salem, NC 27103 (Dr MeGuirt). 
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BRIEF SUMMARY 
UNASYN® (ampicillin sodium/sulbactam sodium) IM/IV 
INDICATIONS AND USAGE » ie.’ ‘ 
UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below. 
Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli,* Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus.* ; 
Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae"), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 
caused by beta-lactamase producing strains of Escherichia coli,* and 
Bacteroides spp.* (including B. fragilis*). 
*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 
While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
susceptible organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic. 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 
PRECAUTIONS 
General: A = percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 
Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™, Benedict's Solution or Fehlings Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™) be used. Following administration of ampicillin to pregnant women, a transient decrease in 
€ concentration of total conjugated estriol, UU wies conjugated estrone and estradiol 

as been noted. This effect may also occur with UNASYN. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of coritrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported. 
Local Adverse Reactions 

Pain at IM injection site—16% 

Pain at IV injection site—3% 

Thrombophlebitis — 396 

Adverse Reactions 
most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 

2*6 of the patients. 
Additional systemic reactions reported in less than 196 of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 


Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 
were: 
Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 
Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 
increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 
Blood Chemistry: Decreased serum albumin and total proteins. 
Renal: Increased BUN and creatinine. 
Urinalysis: Presence of RBC's and hyaline casts in urine. 
7 Lt reactions have been reported with ampicillin-class antibiotics and can also occur 


with UNAS 
: Gastritis, stomatitis, black "hairy" tongue, enterocolitis and pseudomembranous 


colitis. 

Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 

Hematologic: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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KAISER PERMANENTE 


Good People. Good Medicine. 


GENERAL SURGEONS 


Newly established prepaid group 
practice desires to begin offering 
general surgery services. 
Looking for general surgeons 
interested in establishing and 
building a department. Physicians 


must be from high quality 
residency programs or have 
significant practice experience. 
Positions available immediately 
and for 1989. 


Address C.V. to: 


Phyllis M. Kline 
Physician Recruitment 
Coordinator—ARS 
Carolina Permanente 
Medical Group, PA. 

3120 Highwoods Boulevard 
Raleigh, North Carolina 27604-1018 





Western Pennsylvania 





General Surgeon With 
Thoracic or Vascular Training 


* Exchange urban hassles for 
advantages of community 
practice 


* Join 2 university-trained 
surgeons, equal call set-up 


* Practice thoracic, peripheral 
vascular and general surgery 


* Good access to university 
for CME — 50 miles from 
Pittsburgh 


* Excellent contract including 
guaranteed equality of 
income in 3 years 


Write or call Mr. Wson Ross: 


Daniel Stern and Associates 
Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 
800/438-2476 
412/363-9700 (In PA) 
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Moxalactam vs Tobramycin-Clindamycin 


A Randomized Trial in Secondary Peritonitis 


Thomas A. Stellato, MD; Larry H. Danziger, PharmD; Toni Hau, MD, PhD; 
Michael W. L. Gauderer, MD; John L. Ferron, MD; Nahida Gordon, PhD 


e One hundred five patients with peritonitis were random- 
ized to receive either tobramycin sulfate plus clindamycin 
phosphate or moxalactam alone before surgical intervention. 
Fifty-nine patients were evaluable. A mean of 3.1 (moxalactam) 
and 3.5 (tobramycin-clindamycin) pathogens per patient 
were identified. Overall success rate was 85% (tobramycin- 
clindamycin, 24/30; moxalactam, 26/29). When patients with 
appendicitis were excluded, there was an observed but not 
statistically significant advantage of moxalactam over tobra- 
mycin-clindamycin (85% vs 67%). There were five deaths 
(tobramycin-clindamycin, four; moxalactam, one). Other com- 
plications Included hypoprothrombinemia (tobramycin-clin- 
damycin, five; moxalactam, five), renal dysfunction (tobramy- 
cin-clindamycin, three; moxalactam, one), and superinfection 
(tobramycin-clindamycin, nine; moxalactam, six). More wound 
infections were noted in the group given tobramycin-clinda- 
mycin. These data suggest that moxalactam is as safe and 
efficacious as tobramycin plus clindamycin. The observed 
benefits of this agent warrant study in a larger sample to verify 
advantages of moxalactam over combination therapy. 

(Arch Surg 1988;123:714-717) 


pa yet are essential adjuncts to operative treatment 
of intra-abdominal sepsis and should be instituted 
when the diagnosis is proposed. Antimicrobial regimens 
effective in this setting include an aminoglycoside in 
combination with one or more of the following: clindamycin, 
ticarcillin, chloramphenicol, metronidazole, and cefoxi- 
tin.*^ Most commonly, the combination of an aminoglyco- 
side and clindamycin has been used, but the major disad- 
vantages of this combination include possible nephrotoxic 
and ototoxic reactions, pseudomembranous enterocolitis, 
and the need for frequent peak and trough serum antibiotic 
determinations. ^5 

With the development of second- and third-generation 
cephalosporins and the uredopenicillins, clinical trials have 
evaluated the use of single-agent antibiotic therapy in 
polymicrobial intra-abdominal sepsis and soft-tissue infec- 
tions.®*2 In a carefully controlled, prospectively random- 
ized trial, we evaluated the efficacy of moxalactam diso- 
dium, an oxa-betalactam antibiotic similar to the 
cephalosporins, against the combination of tobramycin 
sulfate and clindamycin phosphate in patients requiring 
operative intervention for secondary peritonitis. 


Accepted for publication June 16, 1987. 
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PATIENTS AND METHODS 


All patients were older than 1 year of age and had either 
untreated secondary peritonitis or unsuccessfully treated intra- 
abdominal processes with nonstudy antibiotics. Exclusions in- 
cluded women who were pregnant or nursing or patients with a 
history of allergy to penicillin or one of the study drugs. All 
patients were hospitalized at the University Hospitals of Cleve- 
land, and the study was approved by the Investigational Review 
Board. Informed consent was obtained from all patients. 


Study Design 


All potential candidates were evaluated by an attending surgeon. 
Eligible patients were assigned to receive either tobramycin and 
clindamycin or moxalactam by the Pharmacy Service using a 
random-number table (before definitive surgical intervention). All 
antibiotics were administered intravenously in a blinded fashion. 
In adults, 2 g of moxalactam disodium was given every eight hours. 
For patients less than 15 years of age, moxalactam disodium 
dosage was calculated by body weight: 150 mg/kg/24 h, divided 
into three equal doses. In adults, clindamycin phosphate was given 
as 2400 mg/24 h, divided into four equal doses, with tobramycin 
sulfate, 1.7 mg/kg as a loading dose, with maintenance calculated 
by the method of Sarubbi and Hull. For patients less than 15 
years of age, clindamycin phosphate was administered at 
30 mg/kg/24 h, divided into four doses, with tobramycin sulfate, 
5 mg/kg/24 h, divided into three doses. Serum concentrations 
(tobramycin) were maintained between 0.5 and 2 mg/L for troughs 
and 6 and 10 pg/mL for peaks. Assays for serum tobramycin 
concentrations were made using a qualitative enzyme immunoas- 
say (Emit) All therapy was given for a minimum of five days. 
After five days, antibiotics could be discontinued or maintained at 
the discretion of the attending surgeon, although still blinded to 
the randomization. 

Blood cultures were obtained before administration of antibiot- 
ics. Peritoneal cultures were obtained at the time of surgical 
intervention. Intra-abdominal cultures were identified by agar 
dilution for minimal inhibitory concentration (MICs) for aerobic 
pathogens and by broth disk elution for anaerobes. Sensitivities 
were performed on all organisms. 

Laboratory data collected preoperatively and at regular inter- 
vals included complete blood cell counts with differential, white 
blood cell count, platelets, serum urea nitrogen, creatinine, aspar- 
tate aminotransferase, bilirubin, alkaline phosphatase, sedimen- 
tation rate, Coombs’ test, prothrombin and partial thromboplastin 
times, and urinalysis. Patient care was administered by a surgeon 
blinded to the randomization, and special attention was given to 
daily bowel movements postoperatively and alteration in serum 
creatinine and prothrombin values. 

Nephrotoxic reaction was defined as a rise in creatinine level of 
0.5 mg/dL or more when baseline serum creatinine level was less 
than 3.0 mg/dL or an increment of 1.0 mg/dL when the baseline 
creatinine level was greater than 3.0 mg/dL." Hypoprothrombi- 
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Table 1.—Diagnoses Among 33 Patients With 


Negative Bacterial Isolates 





Tobramycin- 
Clindamycin 


Moxalactam 
Disodium 


Table 3.—Sites of Abscess or Peritonitis 


Moxalactam 
Disodium 


Tobramycin- 
Clindamycin 
a 8 ————————À M ^ —_—. 


Abscess Peritonitis Abscess Peritonitis 


Gastroduodenal 0 1 1 1 


Hepatobiliary 


Miscellaneous 
Retroperitoneal 


nemia was defined as a prolongation of prothrombin time greater 
than or equal to 15% above control time. All patients were followed 
up for three months after discharge. 


Data Analysis 


Evaluation of outcome was based on criteria devised by Solomkin 
et al.5 Cure was defined as the eradication of the presenting 
process with the study antibiotics in concert with a single surgical 
intervention. Persistence of the initial intra-abdominal process, 
necessity to administer other antibiotics, or the need to reoperate 
or perform computed tomography-guided drainage were consid- 
ered overt failures. Statistical analysis was performed by y, 
Student ż test, and test for a difference in proportions. 


RESULTS 


Of the 105 patients admitted into the study, 59 had 
positive cultures and were considered fully evaluable, 
whereas 46 patients had either study protocol violations 
(18 patients) or no bacteria isolated (33 patients; Table 1). 
Reasons for exclusions were evenly distributed between 
both groups. Of the 59 evaluable patients, no significant 
differenees were noted between the groups with regard to 
age, sex, previous treatment failure, or site of infection on 
admission to study (Table 2). No differences were noted 
between the groups regarding initial clinical status (P =.7). 
Over 5046 of patients in each group were in either serious 
or critical condition. The average (+SD) duration of anti- 
biotie administration was not statistically different be- 
tween groups (P=.60), with moxalactam being 6.3+3.1 
days and tobramycin-clindamycin being 6.4+1.7 days in 
duration. 
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Table 2.—Demographic Characteristics of Patients With 
Evaluable Intra-abdominal Sepsis 










Moxalactam Tobramycin- 
Disodium Clindamycin 









No. of patients 29 30 
Age, y (mean + SD) 30 +22 4126 
Age >60 y 6 10 
Serum albumin, g/dL (mean + SD) 2.5 x 0.8 2.6+0.7 






Patients with previous treatment failure 6 5 
Patients with positive blood culture 4 2 


Sites of infection 
Appendix (perforated or abscess) 


Other intra-abdominal abscess 
Diffuse peritonitis (nonappendiceal) 
Major associated illness* 15 15 
Renal 4 
Cardiovascular 4 
Pulmonary 2 
2 
1 
1 
1 


















Carcinoma 
Crohn's (with steroid requirement) 
Diabetes (insulin dependent) 

Steroid therapy 


Clinical status 
Fair 


Serious 
Critical 



















*Criteria for associated illness: pulmonary, chronic obstructive pulmonary 
disease and asthma; renal, creatinine clearance of 0.50 mL/s (30 mL/min); 
cardiovascular, hypertension, congestive heart failure. 


Table 4.—Initial Bacterial Isolates* 


Moxalactam 
Disodium 


Tobramycin- 
Clindamycin 


Isolate 


Bacteroides species 
Bacteroides fragilis 
Streptococcus viridans 
Enterococcus 
Pseudomonas aeruginosa 
Clostridium species 





*Values are percentages. 


Bacteriology 


Intra-abdominal abscesses were equally distributed be- 
tween the two groups (Table 3). Bacteremias were identi- 
fied in six patients (10%; moxalactam, four; tobramycin- 
clindamycin, two), with Bacteroides fragilis representing 
two thirds of the isolates, and Escherichia coli and Strep- 
tococcus viridans representing the remainder. All patients 
who initially presented with bacteremia had successful 
eradication of the infecting organism. Intra-abdominal 
isolates are given in Table 4. A mean of 3.1 and 3.5 
pathogens per patient were recovered in the groups given 
moxalactam and tobramycin-clindamycin, respectively. 
With the exception of enterococcus, all initial bacterial 
isolates were sensitive to the study antibiotics. Eighty-six 
percent of the enterococcus isolates were resistant to both 
treatment regimens. However, enterococcus was never 
isolated as a sole initial infecting pathogen. Failure to 
eradicate enterococcus from the initial infected site oc- 
curred in one patient in each treatment arm. 
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Table 5.—Treatment Outcomes of All Evaluable Patients 










Moxalactam Tobramycin- 
Disodium Clindamycin 
Success (%) 26/29 (90) 24/30 (80) 
Failure by site 
Gastroduodenal 
Hepatobiliary 
Pancreatic Ur. E. 
Small bowel 4 3 
Colon 1 2 
Appendix 1 1 
Miscellaneous 1 0 


Mortality 


Outcome 


Clinieal response between the two treatment arms was 
not statistically different (Table 5; P —.3) The overall 
success rate was 8596. When patients with appendicitis are 
excluded from evaluation, the difference between the two 
treatment regimens widens: with moxalactam, 11 (85%) of 
13 cases were treatment successes and two (15%) of 13 
were failures; with tobramycin-clindamycin, ten (6796) of 
15 were successes and five (33%) of 15 were failures. 
However, this difference is not statistically significant. In 
the group given moxalactam, two of three failures repre- 
sented subsequent development of enterococcal pneumonia 
following eradication of the primary pathogens. In the 
tobramycin-clindamycin-treated group, two patients de- 
veloped postoperative intra-abdominal abscesses requiring 
reoperation. Four other treatment failures in this group 
represented the development of postoperative abscesses 
or the persistence of the initial peritonitis, which could not 
be eradicated. These treatment failures were bacteriologic 
failures due to persistence of the original infectious process. 
Postoperative peritoneal cultures in three patients dem- 
onstrated a mixture of the primary pathogens with new 
species not seen in the initial bacterial cultures. 


Complications 


Complications were equally distributed between the two 
groups (Table 6). Hypoprothrombinemia was not associated 
with clinical bleeding, and Clostridium difficile was not 
identified in patients with postoperative diarrhea. Al- 
though more patients developed renal dysfunction in the 
tobramycin-clindamycin-treated group, this was not sig- 
nificantly different from the group given moxalactam 
(P =.3). Occurrence of secondary infections was not signif- 
icantly different between the two groups (Table 6; P = .40). 
When evaluating the secondary infections by site, more 
wound infections were noted in the group given tobramycin- 
clindamycin than the group given moxalactam, and this 
did approach statistical significance (P=.06; Table 6). 
Escherichia coli was identified in 86% of the wound 
infections in the group given tobramycin-clindamycin. In 
each case, this organism was also isolated as a primary 
pathogen from the initial intra-abdominal site. These 
infections were not considered as treatment failures since 
management did not require surgical intervention or anti- 
biotic administration. All urinary tract infections in both 
groups were caused by Candida albicans. Enterococcus 
was responsible for 50% of the secondary infections in the 
moxalactam-treated group, resulting in the secondary 
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Table 6.—Adverse Effects 


Tobramycin- 
Clindamycin 
(nz 30) 


Renal dysfunction 1 3 
Hypoprothrombinemia 5 


Secondary infections 6 
Wound 2 
Urinary tract 2 
1 

1 


Moxalactam 
Disodium (n = 29) 


Pulmonary 


5 
9 
7 
1 
1 
0 


Bacteremia 


pulmonary infection and bacteremia. In the group given 


tobramycin-clindamycin, 22% of the superinfections were ^^ 


caused by enterococcus. The single case of postoperative 
pneumonia in the group given tobramycin-clindamycin was 
caused by Klebsiella pneumoniae. 


COMMENT 


The principles of treatment for intra-abdominal infec- 
tions include adequate surgical resection or drainage, 
appropriate adjunctive antimicrobial therapy, and general 
supportive care.*/? The overall success rate of adjunctive 
antibiotic therapy in this study was 85%, which is compa- 
rable with other clinical investigations.?*9:?:7 The clinical 
response between the two antibiotic regimens (moxalac- 
tam, 8996; tobramycin-clindamycin, 80%) was not statisti- 
cally different (P —.30). However, when these data were 
evaluated after exclusion of all patients with appendicitis, 
there was an observed but not statistically significant , 
advantage of moxalactam- over tobramycin-clindamycin- 
treated patients (85% vs 67%). The average duration of 
antibiotic administration for each treatment arm was also 
not statistically different (P —.60). Our data indicate that 
six days of adjunctive antibiotic therapy is adequate when 
used in concert with appropriate surgical intervention. 

Although our bacteriologic yield was similar to that of 
other studies of intra-abdominal sepsis,*?!*/* analysis of 
the subsets of patients with Bacteroides and enterococcal 
infections is of partieular interest. Bacteroides species 
were identified in 54% of all patients and in 80% of those 
patients considered to be treatment failures. Of the latter, 
60% had a persistence of their Bacteroides infections. Two 
thirds of all bacteremias were secondary to B fragilis, but 
all were eradicated during the course of therapy Our: 
mortality for patients initially reported to have Bacteroides 
bacteremia was 25%. 

The role of enterococcus as a pathogen in surgical 
infection is currently unclear.'*2! Enterococcus was isolated 
from 15% of our patients on initial cultures. Of these 
patients, 22% had persistence of this organism, and this 
association eventuated in treatment failure in each case. 
Mortality in our study was also associated with the pres- 
ence of enterococcus, since each patient who died had 
enterococcus isolated as a primary pathogen in combination 
with other organisms. However, 80% of our patients with 
enterococcus isolated initially were able to eradicate this 
organism without antimicrobial therapy specifically di- 
rected against enterococcus. Thus, our recommendation 
regarding this organism is as follows. Antimicrobial ther- 
apy directed against enterococcus should be instituted 
when enterococcus infection arises during therapy or 
persists despite the eradication of other primary patho- 
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gens. This recommendation is in agreement with recent 
data from ueberey " 

The association of moxalactam therapy with coagulation 
abnormalities is well documented,??* and recommenda- 
tions to avoid this problem include pretreatment with 
vitamin K. No differences were noted between the moxa- 
lactam- and tobramycin-clindamycin-treated groups in ref- 
erence to hypoprothrombinemia, and no episodes of clinical 
bleeding were seen. Our 17% incidence of hypoprothrom- 
binemia for both antibiotic treatment groups is at variance 
with a study by Schentag et al," who identified this 
abnormality in 4596 of patients treated with moxalactam 
and 16% treated with tobramycin-clindamycin, as well as 
a similar report by Stone et al,!8 who noted hypoprothrom- 
binemia in only 3.6% treated with moxalactam. Despite 
this diserepancy, there was no clinically significant bleeding 
in our study or that of Stone et al, and the incidence of 
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bleeding in the report of Schentag et al was identical 
between their two antibiotic treatment groups, despite 
marked differences in prothrombin time. Thus, our data 
agree with reports from other prospective, randomized 
studies indicating that bleeding related to the appropriate 
use of moxalactam is relatively uncommon. ::52 This point 
has also been stressed by Kammer? in a recent communi- 
cation, reporting only a 2.2% incidence of possible bleeding 
in over 7000 patients treated with moxalactam in clinical 
trials. 

No statistically significant differences were noted be- 
tween our two antibiotic treatment groups with respect to 
renal deterioration. Our 5% incidence of renal dysfunction 
is comparable with that of prior reports. 2.30 


This study was supported in part by a grant from Eli Lilly & Co, 
Indianapolis. 
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Editorial Comment 


The clinical evaluation of moxalactam alone vs tobramycin plus 
clindamycin in the treatment of various surgical infections as 
reported by Stellato et al is a superbly designed and carefully 
executed study. It effectively attacks the myth that multiple 
antibioties are required for the treatment of polymicrobial sepsis 
in the surgical patient. As has been noted in many other antibiotic 
trials, culture of the grossly obvious primary focus often fails to 
yield any responsible pathogen when parenteral antimicrobial 
therapy has been instituted before operation and thus before an 
appropriate bacteriologic specimen can be obtained. This is not a 
flaw in the study, for patient benefit must first be considered, but 
it does reflect the antibacterial activity of on-board agents when- 
ever operative culture samples are taken of blood, pus, and/or 
peritoneal fluid. By tradition, the clinical response of these 
patients is excluded from evaluation since there is no bacteriologic 
culture proof of infection despite histologic confirmation of local 
inflammation and actual visible microbe presence. Furthermore, 
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although processed cultures of the prime locus of infection yield 
an average of three or more species per patient cultured, it must 
be realized that these isolates represent only a small percentage 
of the true bacterial population in the respective polymicrobial 
floras. Exposure to atmospheric oxygen, circulating antibiotic, 
transient cooling, and many other factors play significant roles in 
killing off the more susceptible and certainly the more environ- 
mentally fastidious species. 

Cultures are useful and should always be taken, yet we must be 
mindful of their limitations. There are still large numbers of 
pathogens that cannot be grown in vitro and that even to this day 
defy identification. Recently discovered ^new pathogens," such as 
Legionella and the acquired immunodeficiency syndrome virus, 
are prime examples. 

H. HARLAN Stone, MD 
Cleveland 
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Hemobilia 


A Disease in Evolution 


Abraham Czerniak, MD; Jeremy N. Thompson, MA, FRCS; Ann P. Hemingway, FRCR; Odd Soreide, MD; 
Irving S. Benjamin, FRCS; David J. Allison, MD, FRCR; Leslie H. Blumgart, MD, FRCS 


e Ten patients with hemobilia were treated over a six-year 
period. Six cases resulted from iatrogenic injury (percu- 
taneous invasive procedures, four; surgical trauma, two); the 
others were caused by gallstone disease (two), liver trauma 
(one), and vasculitis (one). Five patients were treated success- 
fully by selective arterial embolization. In the other five pa- 
tients, embolization was not possible due to previous surgical 


. and/or radiologic procedures, or it was contraindicated, and 


thus, surgical treatment was undertaken. One of these patients 
died. There were no long-term sequelae in the remaining nine 
patients followed up for 12 to 66 months. Selective hepatic 
arterial embolization is the treatment of choice for hemobilia. 
Inappropriate embolization or surgery frequently fails to con- 
trol the bleeding and may also prevent later successful embo- 
lization. 
(Arch Surg 1988;123:718-721) 


Her once thought to be a rare condition, is now 
recognized and reported with increased frequency,” 
mainly because of the increased use in recent years of 
invasive percutaneous procedures, which now account for 
the majority of cases of hemobilia.* The treatment of 
hemobilia has also evolved, and surgical treatment, once the 
only option available, is now largely replaced by selective 
arteria! embolization.® In this study we review the experi- 
ence of a specialized hepatobiliary unit in the management 
of this difficult and sometimes life-threatening condition. 


PATIENTS AND METHODS 


Over a six-year period from 1979 to 1985, ten patients with 
hemobilia were referred to the Hepatobiliary Unit, Hammersmith 
Hospital, London, and were treated jointly by members of the 
Departments of Surgery and Diagnostic Radiology. All patients 
were referred because of difficulties of diagnosis or treatment. 


Referral Data 


There were seven men and three women and their ages ranged 
from 11 to 74 years (median, 43 years). The etiology of hemobilia 
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and clinical data of these patients are summarized in the Table. 
Hemobilia resulted from percutaneous procedures in four of the 
ten patients. One patient (case 1) developed hemobilia following an 
attempted percutaneous needle biopsy of an asymptomatic focal 
liver lesion that later proved to be focal nodular hyperplasia. In the 
other three patients, hemobilia followed the introduction of a 
percutaneous transhepatic biliary drainage (PTBD) catheter (case 
2), percutaneous drainage of a liver abscess (case 3), and removal of 
a PTBD catheter that was originally inserted for treatment of a 
benign biliary stricture (case 4). 

In two patients (cases 5 and 6), hemobilia occurred following 
cholecystectomy. In both cases profuse bleeding was encountered 
during surgery. The common bile duct had been injured in one 
patient and hemobilia occurred in the immediate postoperative 
period, while the second patient presented with massive 
hematemesis and melena eight months postoperatively. 

Two additional patients (cases 7 and 8) were referred for 
treatment of continuing gastrointestinal tract bleeding. The first 
patient had previously undergone surgery for melena; at operation 
the extrahepatic biliary ductal system was found to contain blood, 
and a cholecystectomy with exploration of the common bile duct 
was undertaken. The bleeding source was not identified and 
bleeding continued in the postoperative period. The second patient 
had undergone laparotomy for upper gastrointestinal tract hemor- 
rhage, but again the bleeding source was not found. Hemobilia 
complicating liver trauma occurred in one patient (case 9) in whom 
intermittent minor bleeding episodes preceded a major hemor- 
rhage following primary suture of a liver laceration. The final 
patient in this series (case 10) was known to have polyarteritis 
nodosa and presented with a six-week history of abdominal pain, 
jaundice, and melena. 

Prior to referral, three patients had surgical or interventional 
radiologic attempts at treatment of hemobilia. One patient (case 5) 
had undergone three laparotomies and the other two patients 
(cases 1 and 4) had both been subjected to ligation of the right 
hepatic artery followed by attempts at arterial embolization. 


initial Presentation 


Eight patients presented with active gastrointestinal tract 
bleeding (five of whom had hematemesis) and were hemodynami- 
cally unstable, necessitating blood transfusion (2 to 6 U). Ab- 
dominal pain was present in seven patients, and three patients 
were pyrexial. Seven patients were jaundiced (serum bilirubin 
level, 53 to 289 pmol/L [3.1 to 16.9 mg/dL]; normal range, 2 to 
14 pmol/L [0.12 to 0.81 mg/dL]), with deranged liver function test 
results (alkaline phosphatase level, 210 to 1700 U/L; normal range, 
30 to 130 U/L; aspartate transaminase level, 138 to 310 U/L; normal 
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*PTBD indicates percutaneous transhepatic biliary drainage. Plus sign indicates presence; minus sign, absence. 


range, <40 U/L). The remaining three nonjaundiced patients all 
had a raised serum alkaline phosphatase value. Coagulation profile 
was within normal limits in all patients. The classic triad of 
abdominal pain, jaundice, and gastrointestinal tract bleeding was 
present in four patients. 


investigations 


The protocol used in the treatment of patients with suspected 
hemobilia is shown in Fig 1. All eight patients presenting with 
active bleeding had upper gastrointestinal tract endoscopy after 
initial resuscitation. In two instances, blood was seen issuing from 
the duodenal papilla, while in the remainder fresh blood and clot 
was seen in the stomach and duodenum. Angiography showed an 
abnormality in all patients. A false aneurysm of the cystic or 
hepatic arteries was found in seven patients while an arteriobiliary 
fistula with contrast flowing from the hepatic arterial system into 
the biliary tract was demonstrated in three patients (Fig 2, top and 
center). 


Treatment 


Five patients were successfully treated by selective arterial 
embolization alone (Fig 2, bottom). Early in the series, the embolic 
agent used was isobutyl-2-cyanoacrylate. The agents later used 
were sterile absorbable gelatin sponge (Sterispon), human dura 
mater, and steel coils. All patients were covered during emboliza- 
tion and for five days afterward with parenteral aminoglycoside 
and piperacillin antibacterials. Embolization was impossible in the 
remaining five patients. The hepatic artery proximal to the bleed- 
ing source had been previously ligated or embolized in three 
patients (cases 1, 3, and 4) and in the other two patients (cases 8 and 
10), who were bleeding from a cystic artery aneurysm, emboliza- 
tion was contraindicated because of the risk of gallbladder necro- 
sis. All five patients were treated surgically: the first patient (case 
1), who was referred after two operations and two attempts at 
embolization, required a right hepatectomy to stop the bleeding. 
The second patient (case 3) had an intraoperative embolization of a 
bleeding aneurysm of the right hepatic artery distal to a previously 
placed ligature and the aneurysm was oversewn. In addition, two 
abscess cavities in the right lobe of the liver were drained. In the 
third patient (case 4), a direct percutaneous transhepatic puncture 
of the hepatic artery and embolization of an arteriobiliary fistula 
were attempted, but because he remained hemodynamically unsta- 
ble, laparotomy was undertaken and the right hepatic artery was 
ligated. In the fourth patient (case 8), a large gallstone had eroded 
the gallbladder neck creating a fistula between the cystic artery 
and the gallbladder; cholecystectomy and ligation of the cystic 
artery were performed. The final patient (case 10), who had 
periarteritis nodosa with a cystic artery aneurysm, was treated by 
cholecystectomy and suture ligation of the aneurysm. 


RESULTS OF TREATMENT AND FOLLOW-UP 


The postembolization course was uneventful in three 
patients. One patient (case 9) developed a mild pyrexia for a 
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Clinical Data and Management* 
Final 


Jaundice 


1/35/F * + Liver biopsy R hepatic lobectomy 
2/42/M + + PTBD Embolization 


+ Percutaneous drainage 
. of liver abscess 
- PTBD 


3/40/M + R hepatic artery 
ligation 


5/41/F + Postcholecystectomy Embolization 
6/50/M + + Postcholecystectomy Embolization 


8/62/M + + Cholelithiasis Cholecystectomy 





Etiology Treatment 


R hepatic artery 
ligation 


Cholelithiasis Embolization 


Embolization 
Cholecystectomy 


Liver trauma 
Periarteritis nodosa 





Evaluation 
Resuscitation 
Exclusion of Other Sources (Endoscopy) 
Coagulation Profile 
Renal Function 
Liver Function 


Angiography 


Lesion 
Not Demonstrated 
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Demonstrated 
Selective 


Embolization 


Successful Unsuccessful’ Observation 


ha redi * 


Bleeding leedi 
Stopped Bleeding 


Consider 
Operation 





Fig 1.—Management plan for patients with suspected hemobilia. 


week that settled spontaneously. A second patient (case 6) 
complained of epigastric pain, and computed tomography 
demonstrated a low attenuation lesion in the right lobe of 
the liver that was consistent with liver infarction. This 
lesion decreased in size over the ensuing weeks. The 
postoperative course was uneventful in four of the five 
patients who were treated surgically. One patient (case 3) 
died of septicemia and liver failure three weeks following 
ligation of the hepatic artery. The nine surviving patients 
have been followed up for 12 to 66 months (mean, 31 months), 
and none has rebled. 


COMMENT 


Sandblom’ first drew attention to this syndrome in 1948, 
which until recently was considered rare. In a collected 
review in 1978* of 545 patients with hemobilia, trauma 
(accidental and surgical) was the main causal factor, ac- 
counting for 49% of cases; the other causes were inflamma- 
tion (29%), tumor and vascular disorders (12%), and gall- 
stone disease (10%). 

The widespread use in recent years of diagnostic and 
therapeutic invasive procedures on the hepatobiliary sys- 
tem, such as needle liver biopsy, percutaneous transhepatic 
cholangiography (PTC), and biliary drainage (PTBD),’ 
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Fig 2.—Embolization of intrahepatic aneurysm. Top, Celiac axis 
arteriogram shows aneurysm in right hepatic artery (arrow). Center, 
Selective study shows details of aneurysm bleeding directly into 
biliary tree. Bottom, Postembolization study (from Allison*). 
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not only has resulted in an increase in the incidence of 
hemobilia but also has changed the etiology and presenta- 
tion. Indeed, Curet et al,‘ in a recent review of 86 patients 
with hemobilia, found that invasive radiologic procedures 
were the cause in 44 patients, while only 29 cases were 
caused by trauma (23 accidental, six surgical. In our 
series, four patients had hemobilia, as a complication of 
percutaneous radiologic procedures or liver biopsy. 

A 4% incidence of hemobilia following PTC has been 
reported," while it ranges from 396 to 1496 following 
PTBD.*" When bile was routinely tested for blood after 
needle liver biopsy, hemobilia was detected in 10% of 
patients." The close proximity of the intrahepatic bile ducts 
to the branches of the portal vein and hepatic artery 
accounts for the relative frequency of hemobilia after liver 
punctures, vascular or bile duct injury resulting in an 
arterial or portal-biliary fistula, and hemobilia, either 
immediately or within a few hours.** In addition, a high 
incidence of vascular complications, such as pseudo- 
aneurysm or hepatic arterioportal venous fistula, has been 
seen after liver biopsy by follow-up angiography,” and 
following PTC or PTBD the incidence is as high as 26%. 
Creation of a vascular-biliary fistula may occur at a later 
stage following rupture of a false aneurysm into a bile 
duct, ^" or after pressure necrosis of bile ducts and adjacent 
vessels from indwelling biliary catheters.* The period be- 
tween the initial vascular injury and the occurrence of 
hemobilia in these patients may vary from days* to several 
months. 17.18 

With the change in the cause and pathogenesis of hemo- 
bilia has come a change in the population of patients with 
this condition. Hemobilia following PTC or PTBD fre- 
quently occurs in patients who have malignant obstructive 
jaundice and compromised liver function,** often with 
biliary infection. Moreover, severe bleeding, which was 
relatively uncommon in the past,* is now reported in 56% of 
patients with hemobilia complicating PTBD.*'* In the 
present series all patients with hemobilia complicating 
percutaneous transhepatie procedures had large-volume 
hemorrhage. 

The treatment of hemobilia has also evolved. The surgical 
ligation of the main hepatic arterial branch*?^? or partial 
hepatectomy,? which were previously considered the treat- 
ments of choice, ^ have now been largely replaced by 
angiography with therapeutic embolization.” Highly se- 
lective embolization reduces both the risk of hepatic necro- 
sis and the possibility of recurrent bleeding by the develop- 
ment of collateral blood supply." Recanalization of the 
embolized vessel is prevented by the use of a variety of 
permanent occluding agents."^ Embolization, though ad- 
vocated for patients with malignant biliary obstruction who 
develop hemobilia following PTBD,*? carries an increased 
risk of liver failure. Hoevels and Nilsson" have described 
two patients with hemobilia following PTBD who died of 
liver failure 72 hours after embolization. The association of 
hemobilia and septic abdominal focus further increases the 
risk of complications and was responsible for the one death 
in our patients. 

The overall success rate in achieving hemostasis by 
embolization is high.* Failure to selectively embolize the 
bleeding vessel is usually related to previous radiologic or 
surgical intervention as was the case in three of our 
patients. Inadequate nonselective embolization or surgical 
ligation of the main hepatic artery may lead to recurrent 
bleeding mainly because of the rapid development of a 
collateral circulation.” In such instances further radiologic 
intervention is frequently impossible and surgery may be 
the only therapy available. Partial hepatectomy may be 
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unavoidable if the lesion is intrahepatic. The newly de- 
scribed technique of direct percutaneous puncture and 
embolization of the bleeding vessel, which was used in one of 
our patients, may be useful in such a situation.” Because of 
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the difficulties that may occur in treating patients with 
hemobilia, these patients should be treated jointly by 
experienced surgeons and radiologists so that the full range 
of therapeutic options is readily available. 
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Coronary Artery Atherosclerosis Revisited in Korean War Combat Casualties 
Renu Virmani, MD; Max Robinowitz, MD; Jack C. Geer, MD; Patricia P. Breslin, PhD; 


James C. Beyer, MD; Hugh A. McAllister, MD 


To confirm earlier studies of a high prevalence of coronary atherosclerosis in combat casualties of the Korean 
and Vietnam wars, we examined previously uncut coronary arteries from the hearts of 94 American male 
combat casualties (mean age, 20.5 years) from the Korean War using computerized planimetry and microscopic 
evaluation. Six (6.4%) men had severe atherosclerosis (75% to 90% cross-sectional area luminal narrowing) in 
one or more coronary arteries; five of the six had fibrous plaques, and one had a complicated plaque. Our 
prevalence is similar to that reported previously (5%). Therefore, to determine whether the decrease in the 
incidence of severe coronary atherosclerosis today is the result of decreased plaque formation in the young, we 
will need to examine at least 772 men to detect a 50% decline with 85% to 90% confidence (Arch Pathol Lab Med 


1987;111:972-976). 


Reprint requests to Department of Cardiovascular Pathology, Armed Forces Institute of Pathology, Washington, DC 
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Postoperative Acute Gastrointestinal 


Tract Hemorrhage and 
Multiple-Organ Failure 


Eduardo Bumaschny, MD; Guillermo Doglio, MD; Jorge Pusajó, MD; Liliana Vetere, MD; 


Carlos Parra, MD; Ricardo M. Grosso, MD; Eduardo Schieppati, MD 


e Acute upper gastrointestinal tract hemorrhage (AUGH) 
was evaluated postoperatively in 720 critically ill patients and 
correlated with multiple-organ failure (MOF). The AUGH inci- 
dence was 20.1%. Patients were divided into three groups. 
Group 1 (n=77) patients were admitted without AUGH, but 
developed MOF and later AUGH, with renal failure as the most 
common previous failure. Group 2 (n = 36) patients were admit- 
ted with AUGH and other failures. Group 3 (n=32) patients 
were admitted without AUGH, which appeared as the first or 
only failure. Means + SDs for MOF and mortality for groups 1, 
2, and 3, respectively, were as follows: 3.2 + 0.8, 75.3%;3.2+1.1, 
63.9%; and 1.8+0.8, 28.1%. A control group (n= 90) with MOF 
but without AUGH presented 1.8+0.9 for MOF and 41.1% 
mortality. Mortality, sepsis, and mean MOF were higher in 
AUGH cases and lower in group 3 vs groups 1 and 2. Acute 
upper gastrointestinal tract hemorrhage is a component of 
MOF (Baue’s syndrome) that is closely related to sepsis 
particularly after abdominal surgery. 

(Arch Surg 1988;123:722-726) 


us upper gastrointestinal tract hemorrhage (AUGH) 
is a frequent complication in the critically ill post- 
operative patient. 

As early as the first century, Celsius' described ulcer 
symptoms in men subject to war trauma. Later, acute 
ulcerations were described in burn victims,?? in cerebral 
lesions,*" and after surgery." 

With the advent of intensive care units (ICUs) and 
supportive techniques that extend the patient's life, the 
failure of several organs has been reported.” Attributable 
to sustained and/or severe injury, it is often accompanied by 
self-perpetuating acute inflammation mediators activation, 
leading to structural and/or functional damage to various 
parenchymas. These phenomena impair the capability of 
the gastroduodenal mucosa to maintain homeostasis, in- 
cluding mucous barrier indemnity, intercellular junctions, 
energy availability, and regional blood flow status,'** thus 
favoring gastrointestinal bleeding. 

In the present article, AUGH incidence is reported in 
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critically ill patients, as well as its evolution, its possible 
physiopathological mechanisms, and its relationship to 
multiple-organ failure (MOF), failure sequence, and type. 

It should be pointed out that very few autopsies were 
available due to cultural or religious restrictions. Besides, 
research was somewhat limited by our resources and equip- 
ment. 


PATIENTS AND METHODS 


Acute upper gastrointestinal tract hemorrhage incidence was 
studied prospectively during the immediate postoperative period 
in 720 patients who were admitted at the ICU, Hospital Israelita, 
Buenos Aires, from January 1981 until December 1986. Esopha- 
gogastroduodenal surgery cases were excluded. 

The AUGH diagnosis was made on the basis of nasogastric tube 
bleeding, hematemesis, melena, and/or endoscopy findings. 

With regard to the degree of severity, hemorrhage was classified 
as (1) minor, when no transfusion was required and (2) major, 
when transfusion and/or surgical treatment was essential and/or 
when hemodynamic alterations were detected. 

Major hemorrhage was further broken down into (1) slight, 
requiring up to 1 U of whole blood (0.5 L); (2) moderate, from 1.1 to 
3 U; and (3) severe, requiring over 3 U and/or surgical treatment, 
or in the presence of hemodynamic alterations. 

Throughout, prospective and systematic control of MOF devel- 
opment was carried out according to parameters established for 
the six organ systems considered (Table 1). The APACHE (Acute 
Physiology and Chronic Health Evaluation)? score was likewise 
performed in all patients. 

Sepsis was diagnosed by the clinical picture with evident focus 
and/or positive hemocultures. 

Prevention of AUGH was carried out by means of local antacid 
and/or anti-H, application in 90% of patients admitted to the ICU 
without gastrointestinal hemorrhage, maintaining intragastric pH 
above 4.0. 

Patients presenting with AUGH were divided into three groups 
according to time of onset, within the context of the MOF syn- 
drome: Group 1 consisted of patients admitted to the ICU without 
AUGH who developed organ failures and later presented with 
gastrointestinal hemorrhage. Group 2 included patients admitted 
to the ICU with AUGH and concomitant organ failures. Group 3 
comprised patients admitted to the ICU without AUGH who later 
presented with gastrointestinal hemorrhage as the first or only 
failure. 

Ninety randomly selected patients who had undergone major 
surgery, followed by MOF but no AUGH, served as the control 


group. 
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Table 1.—Parameters of Organ Failure* 


Organ System Parameter 


Cardiovascular Pulse rate, >130 beats per minute; 
(22 parameters) systolic blood pressure, <80 mm Hg; 
severe or difficult to control arrhythmia; 
and acute myocardial infarction 
(evolution, <3 d) 















Respiratory Arterial Pos, <50 mm Hg, with Fioz, 0.21 
Hematologic Hematocrit, 0.3 (<30%); leukocytosis, 
>30 x 109/L (>30 000/mm?); leukopenia, 
<3 x 109/L («3000/mm?); thrombocytopenia, 
<80 x 109/L (<80 000/mm?); and 
p50, «23 mm Hg 
Renal Blood creatinine, >177 pmol/L (72 mg/dL) or 
duplication in 24 h 
Neurological Glasgow scale summatory, —10 points 
Digestive AUGH; serum bilirubin, 7171 mol/L 






(>10 mg/dL); serum amylase, >200 U/L; 
serum alkaline phosphatase, 

>200 U/L; and ileus over 48 h in 
nonsurgical cases or 96 h in postoperative 
period 









*Fios indicates fraction of inspired oxygen per 1 s; p50, mixed venous 
blood oxygen pressure (tension) (Po;) to which the 5096 of oxyhemoglobin 
is dissociated; and AUGH, acute upper gastrointestinal tract hemorrhage. 


Table 2.—Diagnosis at Admission in Patients 
With AUGH and Control Group* 


No. (96) 


AUGH 
Patients 


Control 
Group 


Abdominal cavity 
Localized or generalized peritonitis 


Colonic surgery 

Drainage of biliary tract 
Nephrourologic surgery 
Small-bowel surgery 
Pancreatic surgery 
Gyneco-obstetric surgery 


Abdominal wall 
Evisceration 


Wall necrosis 


Neurosurgery 
Drainage of hematoma 


Tumoral resection 


Osteoarticular 
Hip fracture 


Lower limb amputation 


Peripheral vascular surgery 
Abdominal aortic aneurysm 


lliofemoral bypass 


17 (18.9) 
10 (11.1) 
11 (12.2) 
8 (8.9) 
10 (11.1) 
1 (1.1) 
6 (6.7) 


49 (33.8) 
18 (12.4) 
16 (11.0) 
10 (6.9) 
9 (6.2) 
5 (3.4) 
3 (2.1) 


5 (3.4) 
3 (2.1) 


1 (1.1) 
1 (1.1) 


10 (6.9) 
3 (2.1) 


8 (8.9) 
4 (4.4) 


3 (2.1) 
2 (1.4) 


4 (4.4) 
4 (4.4) 


5 (3.4) 
2 (1.4) 


3 (3.3) 
2 (2.2) 





*AUGH indicates acute upper gastrointestinal tract hemorrhage. 


Admission diagnoses in patients either with or without AUGH 
are shown in Table 2. Peritoneal drainage, colonic surgery, and 
biliary tract drainage were the most common procedures, in that 
order. Endoscopy was performed on 80% of severe gastrointestinal 
hemorrhages. 

The x’ and Student’s t tests were employed for statistical analysis 
(P<.05). 


RESULTS 


Of the 720 surgery cases, 145 patients (20.1%) were 
observed to present with AUGH in the course of their 
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postoperative period. Findings below are expressed as the 
mean+SD. 

In group 1 (n7 77), average failure was 3.2+0.9, whereas 
failure before AUGH alone was 1.6 - 0.8. Renal failure was 
the most frequent (P<.0005). In group 2 (n=36), failure 
was 3.2 € 1.1, and in group 3 (n — 32), it was 1.8 + 0.8. 

General features of each group are presented in Table 3, 
while failure type and frequency are given in Table 4. 

Overall mortality in patients with postoperative AUGH 
(62.1%) failed to correlate with the severity of gastroin- 
testinal bleeding (60.0% and 64.6% for major and minor 
hemorrhage, respectively; P = not significant [NS]), a find- 
ing evidenced in each individual group. 

On comparing patients with AUGH with the control 
group, mortality in the former proved to be statistically 
higher (62.1% vs 41.1%, P —.002) as did the incidence of 
sepsis (72.4% vs 42.2%, P<.0005) (Fig 1), while average 
organ failure was 2.9 0.9 vs 1.8: 0.9 (P<.001) (Fig 2). 

Renal failure was the most frequent to precede post- 
operative AUGH. Expressed as the mean -- SD, uremia 
levels were 0.26 +0.06 mmol/L of urea (0.75 — 0.18 mg/dL) 
vs 0.25 x 0.07 mmol/L of urea (0.72 + 0.2 mg/dL) (P = NS) in 
renal failure cases with AUGH and without AUGH (control 
group), respectively. 

Statistical analysis of the three AUGH groups shows that 
mortality was higher in groups 1 and 2, with minor differ- 
ences between them, and significantly higher in group 3 
(P<.0005 for groups 1 vs 3; P<.005 for groups 2 vs 3) 
(Fig 3). Total failure was 3.20.9, 3.2 1.1, and 1.8+0.8 
for groups 1l, 2, and 3, respectively, showing statistical 
differences only for groups 1 vs 3 and groups 2 vs 3 (P<.001 
for both). 

Sepsis incidence proved to be higher in groups 1 and 2 
(77.9% and 83.3%, P — NS) than in group 3 (46.9%), with 
P less than .002 for groups 1 vs 3 and groups 2 vs3 (Fig 3). It 
was less frequent in neurosurgical cases (23.196, P<.0005) 
(Fig 4). Positive hemocultures were obtained from 18 group 
1, ten group 2, and five group 3 patients, that is, an overall 
31.4% of the 105 cases with clinical and humoral diagnosis of 
sepsis. 

Endoscopic diagnosis included 75.0% erosive gastritis, 
14.3% gastric ulcer, 7.1% duodenal ulcer, and 3.6% esopha- 
geal hemorrhages. 

Surgery was required to arrest bleeding in 6.9% of 
patients. 


COMMENT 


The incidence of AUGH is high during the postoperative 
period of critically ill patients,“” but its precise rate 
depends on available diagnostic methods. Endoscopy may 
disclose up to 100% gastrointestinal mucosal erosion*? in 
these cases, though reported evident bleeding rates are 
nearer to 20%.** Postoperative mortality was higher in 
patients with AUGH. 

Neurosurgical cases were expressly included in our pa- 
tient population to determine the outcome of surgical and 
anesthesia injury, regardless of the organ or region in- 
volved. Their inclusion was advantageous to draw conclu- 
sions concerning the diverse origins of AUGH. Despite its 
apparent heterogeneity, our population presented a similar 
degree of severity on APACHE evaluation. 

Three groups of AUGH cases were discerned. The first 
two ean only be differentiated on the basis of failure 
development chronology, but it may be inferred that pa- 
tients were detected at different evolution times. Both 
mortality and sepsis incidence were high in groups 1 and 2, 
while hemorrhage severity lacked prognostic value. On the 
other hand, group 3 exhibited a more favorable prognosis, 
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Table 3.—General Features of Groups* 
Control 


Group 1 


Group 2 


Group 3 Group 

Total, No. (%) 77 (53.1) 36 (24.8) 32 (22.1) 90 
Sex, No. (%) 

M 46 (59.7) 28 (77.8) 20 (62.5) 45 (50.0) 

F 31 (40.3) 8 (22.2) 12 (37.5) 45 (50.0) 
Deaths, No. (%) 58 (75.3) 23 (63.9) 9 (28.1) 37 (41.1) 
Sepsis, No. (%) 

Clp 42 (54.5) 20 (55.5) 10 (31.2) 25 (27.7) 

+HC 18 (23.4) 10 (27.8) 5 (15.6) 13 (14.4) 
AUGH, No. (%) 

Minor 43 (55.8) 17 (47.2) 20 (62.5) MY ATP 

Major 34 (44.2) 19 (52.8) 12 (37.5) alas d 





APACHE, mean —- SD 
MOF, mean + SD 


18.7 — 5.8 18.7 - 8.0 15.1 3.8 


Age, y, mean SD 
Stay, d, mean + SD 


69.8 + 14.6 
11.9— 14.1 


63.1+ 16.4 | 
11.1 13.3 10.9 4 10.5 


*AUGH indicates acute upper gastrointestinal tract hemorrhage; group 1, patients admitted without AUGH who developed organ failure and later AUGH; group 
2, patients admitted with AUGH and concomitant organ failures; group 3, patients admitted without AUGH, which appeared as first or only failure; control group, 


patients admitted with major surgery followed by organ failures but no AUGH; Clp, clinical picture; + Hc, positive hemoculture; APACHE, Acute Physiology 
and Chronic Health Evaluation; and MOF, multiple-organ failure. | 


Table 4.—Failure Type and Frequency 
in Different Groups* 





No. (%) 
Group 1 
Total Group Group 
MOF FPAUGH 2 3 
Digestive 77 (100.0) ... (... 36 (100.0) 32 (100.0) uM 
Renal 61 (79.2) 55 (71.4) 29 (80.5) 9 (28.1) 
Hematologic 40 (51.9) 23 (29.9) 21 (58.3) 10 (31.2) 
Respiratory 35 (45.5) 25 (32.5) 12 (33.3) 3 (9.4) 
Neurologic 29 (37.6) 16 (20.8) : 8-980) — ..: 6...) 
Cardiovascular — 9 (11.7) 5 (6.5) 9 (25.0) 3 (9.4) 
*MOF indicates multiple-organ failure; FPAUGH, failures prior to acute 
upper gastrointestinal tract hemorrhage. For explanation of groups, see 
footnote to Table 3. 
Mortality 
Fig 1.—Incidence of sepsis (P<.0005) and mortality (P<.002) in 
patients with (shaded bars) and without (open bars) acute upper f^ 
gastrointestinal tract hemorrhage. 
a 
” 
H 
c 
oO 
o 
z 
o 
2 
2 
c 
LL 
] 


Fig 2.—Number (mean + SD) of organ system failures in patients 
with (A, 2.9+0.9) and without (B, 1.82- 0.9) acute upper gastroin- 
testinal tract hemorrhage. 
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Fig 3.—Incidence of sepsis and mortality in different groups of 
patients with acute upper gastrointestinal tract hemorrhage. G1, 
G2, and G3 indicate groups 1, 2, and 3, respectively (see Table 3). 
For sepsis, G1 vs G3 and G2 vs G3, P<.002; for mortality, G1 vs 
G3, P<.0005, G2 vs G3, P<.005. 
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Fig 4.— Incidence of sepsis in patients with abdominal surgery (open 
bar) and neurosurgery (shaded bar), with concomitant acute upper 
gastrointestinal tract hemorrhage (P<.0005). 
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as shown by significantly lower mortality due to a lower 
number of failures, but the difference is hardly attributable 
to hypovolemia. Sepsis played a major role in group 1 and 
2 mortality, since it can trigger Baue's syndrome of MOF. 27-2 

Renal failure was more common in patients with post- 
operative AUGH, which might be ascribed to ischemia 
following hypovolemia. However, taking failures prior to 
gastrointestinal bleeding into account, renal failure still 
presents the highest frequency and thus may be attributed 
to energetic and/or vascular alterations." Figure 5 
provides an outline of these mechanisms. 

Gastric mucosa has scanty glucogen deposits and thus 
depends on the bloodstream for oxygen and glucose. Quite 
likely, gastric mucosa and renal tubules are the two tissues 
that are most susceptible to ischemia. ®* 

A remarkable incidence of sepsis was recorded in AUGH 
cases. The presence of gastrointestinal bleeding, mainly 
after abdominal surgery, should make sepsis strongly sus- 
pect, even in the absence of an evident focus. 

In contrast, a high incidence of gastrointestinal bleeding 
is found after neurosurgical injury, despite the low number 
of septic patients. This finding is influenced by neurogenic 
factors that increase acid-peptic secretion mediated by 
vagal stimuli,’ as well as by the high blood gastrin” and 
endorphin” levels recorded. 

Despite the lack of correlation between the severity of 
gastrointestinal bleeding and mortality in the population 
under study, it should be stressed that, at least in patients 


whose underlying disease is gastrointestinal hemorrhage 
itself, mortality does correlate closely with bleeding sever- 
ity." 


CONCLUSIONS 


l. During the postoperative period, AUGH is both an 
intrinsic component and an additional expression of MOF 
syndrome. Given the syndrome's sequential nature, the 
appearance of AUGH may provide a helpful warning so that 
the injury can be arrested at an early MOF stage. 

2. Mortality is unrelated to AUGH severity but closely 
correlates with the number of organ system failures. 

3. Mortality proves to be lower in patients who exhibit 
AUGH as a first failure and in whom sepsis incidence and 
the number of failures are also lower. 

4. Although unrelated to uremia, renal failure was the 
most frequent failure to precede postoperative AUGH, 
without predisposing to gastrointestinal hemorrhage. Both 


parenchymas share similar energy damage, but renal ex- - 


pression presents earlier. 

9. Postoperative AUGH, particularly after abdominal 
surgery, strongly indicates focal or diffuse sepsis, even 
more so when accompanied by previous or concomitant 
parenchymatous insufficiencies. 

6. Prevention of postoperative AUGH should be 
grounded on the avoidance of sustained injury capable of 
triggering MOF syndrome. 
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Computed Tomography of Abdominal 


Aortic Aneurysm 


An In Vivo Pathological Report With a Note on Dynamic Predictors 


George Pillari, MD; John B. Chang, MD; Joseph Zito, MD; Jon R. Cohen, MD; 


Kenneth Gersten, MD; Anthony Rizzo, MD; Ariadne M. Bach, MD 


€ A group of computed tomography (CT) descriptors were 
derived for abdominal aortic aneurysms. Terminology was 
defined and applied to the interpretation of the CT image in 
55 prospective cases. Correlation of geometric parameters of 
aneurysm and analysis of the relationship of internal aneu- 
rysm components such as lumen and thrombus was per- 
formed. Predictive growth patterns for aneurysm demon- 
strated a synchronous increase in the volume of thrombus 
within the aneurysm in those aneurysms measuring 5 to 
7 cm. Aneurysms greater than 7 cm were associated with an 
expansion of the patent pulsatile lumen, with no appreciable 
increase in thrombus volume. The thrombus-lumen ratio ef- 
fectively described the changing internal architecture of an- 
eurysm associated with increase in size. Proper utilization of 
CT descriptors develops a language that interprets aneurysm 
stability and potential for rupture and may provide an improved 
basis for timely surgical planning. 

(Arch Surg 1988;123:727-732) 


se tomography (CT) for evaluation of abdominal 
aortic aneurysm (AAA) has proved to be efficacious 
and useful for diagnosis, interval aneurysm evaluation, 
preoperative planning, and postoperative follow-up of aortic 
grafts.'* Computed tomography of AAA effectively illus- 
trates size, position, geometric configuration, and impor- 
tant anatomical relationships. The cross-sectional image 
characterizes, in great detail, the composition of the aortic 
wall, as well as the internal architecture (ie, thrombus and 
lumen). The CT image is “specimen quality.” The term 
specimen quality is particularly appropriate, since contem- 
porary surgery for AAA is only rarely productive of a 
pathological specimen. Aneurysm resection is unusual. 
The in situ aneurysm becomes part of the total aneurysm 
repair, serving as a cast or understructure that embraces 
the synthetic tube graft or inverted Y-graft.5" This com- 
monly used inclusion surgical technique deprives the pa- 
thologist of the opportunity for examination of an intact 
specimen and seriously limits the surgical pathology re- 
port. The in vivo cross-sectional image, therefore, serves 
as the singular reference for describing the intact aneu- 
rysm. The composition of the radiographic report? is 
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increasingly significant, reflecting, in fact, an in situ pa- 
thology report. 

In the present study, a group of CT descriptors were 
derived for AAAs. Terminology is defined and applied to 
the interpretation of the CT image in 55 prospective cases 
of abdominal aortic aneurysm. Consistent application of 
nomenclature allows a comprehensive understanding of the 
architecture of AAAs, providing a surgical image of vas- 
cular pathology. 

A definition of terms and correlation of the geometric 
parameters of aneurysm form the basis of this report. 
Analysis of the relationship of internal aneurysm compo- 
nents, such as lumen and thrombus, for aneurysms of 
different sizes is performed. Predictive growth patterns 
for aneurysm are summarized, which may be helpful in 
decision making regarding the timing of operative manage- 
ment. 


MATERIALS AND METHODS 


During the period from Feb 1, 1985, to May 14, 1986, fifty-five 
consecutive cases of AAA were examined by means of CT scans 
(General Electric CT 9800 unit) Contrast-enhanced scans were 
obtained by intravenous bolus injection of 50 mL of 60% contrast 
(iothalamate meglumine injection [Conray 60]) In 31 patients, 
arteriography was performed prior to CT scan, and this contrast 
load was satisfactory for CT image enhancement. 

The CT scan was performed with a 512x512 matrix, 10-mm 
thickness, scanned at intervals of 20 mm through the entire 
aneurysm, including the iliac arteries. 

Patients ranged from 60 to 86 years of age and included 43 men 
(78%) and 12 women (22%). Patients referred were known to have 
AAA from previous physical examination or imaging studies such 
as ultrasound, or both. 

Measurements of the entire aneurysm sac, as well as lumen and 
thrombus components, were performed at the level of greatest 
aneurysm diameter utilizing the measure mode provided on the 
CT console. 


DEFINITION OF TERMS 
Aneurysm Diameter 


Aneurysm (sac) diameter was defined as the longest straight 
line drawn between opposing points on the aneurysm wall at the 
level of the sac's greatest dimension (Fig 1). 


Calcification 


Mural calcification, was assigned a value of 1 to 4+, measuring 
the aggregate of calcification within the perimeter of the aneurysm 
wall. For example, 2+ would represent an aggregate mural 
calcification representing 50% of the perimeter of the aneurysm. 
Calcification within the aneurysm wall was further characterized 
as mosaic (interrupted) or continuous (Fig 1). 
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Arc of Thrombus 


Appropriate administration of contrast (intravenous or intra- 
arterial) during CT examination of aneurysm permits discrimina- 
tion between low-attenuation thrombus and contrast-enhanced 
(high-attenuation) blood flow within the patent lumen. The config- 
uration of aneurysm thrombus is frequently crescentlike or semi- 
lunar in shape, adherent to a portion of the inner wall of the 
circular aneurysm. The arc of thrombus describes the distribution 


Thrombus Area = Sac Area Minus Lumen Area 


Thrombus Area 
Lumen Area 


T/L Ratio = 


E Thrombus Calcification 
d,= Lumen Diameter 
Lumen Area = 7(1/2 d,)? 


[ ] Lumen 
d. = Sac Diameter 
Sac Area = (1/2 d,)* 





Fig 1.—Diagrammatic illustration of useful descriptors in the 
computed tomographic examination of abdominal aortic aneurysm. 


Diameter 
of Sac, 
cm 


Ventral, 
No. (96) 


6 (54.5) 
13 (72.2) 
9 (64.3) 
28 (65.0) 








of Sac, Average Average 
Group cm N Calcification T/L 
1 «5 19 2.21 0.74 
2 5-7 20 2.05 1.59t 
3 >7 16 1.59 1.04 





*T/L indicates thrombus-lumen ratio; L/S, lumen-sac ratio; T/S, thrombus-sac ratio. 


+P<.05 vs group 1. 
+P<.05 vs group 2. 
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Table 3.— Parameters for Description of Internal Composition of Aneurysms* 


Average Average Average 
Thrombus Lumen Thrombus Average Average 
Area, cm Area, cm Arc, ? LS T/S 
5.18t 9.40 168.9 0.691 0.310 
13.37t 13.56t 261.5 0.526 0.474 
26.9511 41.05tt 225.6 0.640 0.420 
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of thrombus that is adherent to the inner wall of the aneurysm. 
This relationship of thrombus to the inner wall of the aneurysm is 
expressed in degrees (0° to 360°) (Fig 1). 


Thrombus Location (Disposition) 


Although the location of thrombus may be complex, ie, ventro- 
lateral or dorsal-lateral, this descriptor has been simplified to 
include only the predominant disposition of thrombus within the 
aneurysm: dorsal, ventral, and concentric (encircling the lumen). 


Ratios 


For thrombus-lumen (T/L), lumen-sac (L/S), and thrombus-sac 
(T/S) ratios, simple area calculations were performed for the 
following aneurysm components; total aneurysm sac, patent inter- 
nal lumen, and thrombus. The sac and patent lumen were assumed 
to be geometric circles and area was calculated. Thrombus is 
consistently an irregular geometric form; therefore, area calcula- 
tion is performed as follows: area of sac minus area of lumen 
equals thrombus area (Fig 1). 


Groups 


For investigational purposes, aneurysms examined by means of 
CT were divided into three groups according to size: group 1, less 
than 5 em; group 2, 5 to 7 cm; group 3, greater than 7 em (Fig 2). 


RESULTS 


The results of this study were twofold. 

First, an effective nomenclature was derived that would 
consistently and effectively describe the specimen quality 
image obtained by means of CT scan. These descriptors 
include the following (previously defined): calcification; arc 
of the thrombus; thrombus disposition; T/L ratio; L/S ratio; 


Table 1.—Aneurysm Wall Calcification, Arc of 
Thrombus, and Aneurysm Size 


Arc of Thrombus, ° 
Ce ST Sah c Rd Diameter, 


Calcification N Average Median Range cm 


1+ 24 207.9 270 0-360 6.99 
2+ 16 277.5 290 0-360 5.83 
3+ 


7 192.9 200 0-360 5.57 
4+ 8 141.3 100 0-360 5.00 


Average Sac 


Thrombus Location 


e—————————————————————————————————————————————————————— 


Concentric, 
No. (%) 


2 (18.2) 3 (27.3) 
0 5 (27.8) 
2 (14.3) 3 (21.4) 
4 (9.3) 11 (25.6) 


Thrombus Total, 
No. (96) 


11 (57.9) 
18 (90.0) 
14 (87.5) 
43 (78.2) 
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T/S ratio; and aneurysm groups 1 through 3 (Fig 1). 

Second, these parameters of measurement were applied 
to 55 consecutive patients with abdominal aortic aneurysm 
examined by means of CT. Aneurysms were divided into 
three distinct groups according to size: group 1 (19 pa- 
tients), less than 5 cm in size; group 2 (20 patients), 5 to 
7 em; group 3 (16 patients) greater than 7 cm in size. 
Significant results from comparative data for each group 
included the following: 

The average aggregate mural calcification was less in 
larger aneurysms, since the average calcification increased 
in smaller aneurysms. Notably, 24 (43.6%) of 55 cases had 
1+ calcification among aneurysms with average sac diam- 
eter of 6.99 em (Table 1). 

Increased calcification in the aneurysm wall was associ- 
ated with a decreased arc of thrombus. Additionally, the 
median arc of thrombus was greater in those patients with 
larger aneurysms with limited calcification (Table 1). For 


example, the median arc of thrombus for aneurysms in 24 
patients with 1-- calcification and average sac diameter of 
6.99 em was 270° (Table 1). 

Thrombus location was ventral in 28 patients (65%), 
dorsal in four patients (9.396), and concentric in 11 patients 
(25.6%). Concentric thrombus location included those pa- 
tients with thrombus arc of 360°, that is, the thrombus 
encircled the lumen of the aneurysm (Table 2). 

Table 3 records average T/L, L/S, and T/S ratios in each 
of the three groups of aneurysms. The T/L ratio increased 
from 0.74 in group 1 aneurysms to 1.59 in group 2 
aneurysms. This change reflects the significant increase in 
the volume of thrombus associated with increasing aneu- 
rysm size (Fig 2), defining a relatively steady state or 
synchronous increase in the volume of thrombus that 
parallels aneurysm growth to the level of 7 cm (correlation, 
+ 0.7229). This finding was reinforced by similar changes 
in the L/S ratios (percent patency) and T/S ratios (percent 


Fig 2.—lllustration of internal composition of aneurysm at different sizes. Group 2 aneurysms (5 to 7 cm) show 
marked increase in thrombus volume associated with overall increase in sac diameter. Group 3 aneurysms (^7 cm) 
are characterized by increasing size of patent lumen associated with overall increase in sac diameter and no 
appreciable increase in thrombus volume. 





Fig 3.—Left, Irregularly marginated lumen (contrast opacified) in 10.8-cm aneurysm. Limited amount of thrombus in 
concentric location. Right, Limited amount of ventrally located thrombus in 7.4-cm aneurysm. Expanding contrast 


opacified patent lumen. 
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Fig 4.—A 9.9-cm aneurysm in which ventral thrombus is charac- 
terized by developing sickle-shaped contrast-opacified lumen 
within core of thrombus (arrow). This is secondary site of flow in 
addition to primary dorsal lumen. 





Fig 5.—Markedly irregular lumen within 8.5-cm aneurysm. Note 
extensions of lumen into thrombus and sickle-shaped or crescent- 
like contrast dissection within thrombus (arrow). 





Fig 6.—Catheter infusion of aortic lumen during computed tomo- 
graphic examination of aneurysm discloses contrast percolation 
into secondary lumen in rim of thrombus (arrow). Aneurysm is 8.6 
cm with no calcification. 
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occlusion) in aneurysm groups 1 and 2, more specifically, 
in those aneurysms less than 7 em. Increasing aneurysm 
size above 7 em was associated with a proportional enlarge- 
ment in the size of the aneurysm lumen (Figs 2 and 3). 
This correlation was substantial (+ 0.9297), and no appre- 
ciable increase in size of the aneurysm was associated with 
increase in the volume of thrombus (correlation, — 0.0292). 

Aneurysm growth to the level of 7 em was associated 
with a disproportionate increase in thrombus reflected in 
a doubling of the T/L ratio from group 1 aneurysms (0.74) 
to group 2 aneurysms (1.59). In group 3 aneurysms, those 
greater than 7 em, the reversal of this pattern was identified 
with no evidence of increase in thrombus volume but a 
demonstrated enlargement of the patent lumen, associated 
with the overall enlargement of aneurysm sac (Fig 2). This 
latter observation suggests the strong possibility that some 
transformation of aneurysm thrombus may occur in that 
group of aneurysms greater than 7 cm. The concept of 


internal transformation, thrombus lysis, or internal throm- +» 


bus dissection is supported by five anecdotal experiences 
at our hospital. In each of these fives cases, we observed a 
curvilinear "sickle"-shaped collection of contrast within 
the aneurysm thrombus following contrast infusion. Four 
of these patients were preoperative and asymptomatic 
(Figs 4 through 8) and the fifth was examined soon after 





Fig 7.—An 11-cm aneurysm with no calcification and well-defined 
internal dissection. Dorsal position of primary lumen. 


Thrombus 


Fig 8.—Graphic illustration of thrombus transformation in larger 
aneurysms. Secondary lumen or internal thrombus dissection is 
identified by sickle-shaped collection of contrast within thrombus. 
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aneurysm rupture (Fig 9). This observation has been made 
only in aneurysms greater than 7 cm. 

The findings in two additional cases in our series tend to 
reinforce the significance of thrombus transformation 
within the aneurysm sac. The first patient (Fig 10) was 
admitted to the hospital for surgery of an AAA; preoper- 
ative CT scan identified an 11-cm aneurysm within which 
there was no thrombus and no evidence of calcification 
within the wall. Surgery was delayed since the patient had 
an upper respiratory tract infection, and two days following 
CT scan, the patient died of aneurysm rupture within the 
hospital. Another patient (Fig 11) had a CT examination 
for AAA four months prior to admission that disclosed an 
aneurysm measuring 8.7 cm (Fig 11, left). The patient had 
severe cardiopulmonary disease with a left ventricular 
ejection fraction of 11%. The patient declined surgery at 
that time. On the day of admission (a four-month interval), 
the patient was complaining of pain in the lower portion of 
the back, and a CT sean demonstrated enlargement of the 
aneurysm to 10.2 cm without evidence of rupture (Fig 11, 





Fig 9.—A 10.0-cm aneurysm ruptured posteriorly into left retro- 
peritoneum. Internal dissection noted in ventrally disposed throm- 
bus (arrow). 





Fig 11.—Left, Initial scan discloses 8.7-cm aneurysm characterized by large volume of thrombus, minimal mosaic 





right). Twenty-four hours following CT scan, while under 
observation in the hospital, the aneurysm ruptured. At 
surgery, a tube graft was performed, but the patient died 
11 days following the operation of cardiac complications. 
In the four-month period, between the time of the initial 
CT sean and the follow-up scan prior to rupture (Fig 11), 
the overall aneurysm size (sac) increased from 8.7 to 10.2 
em; more significantly, however, the patent lumen increased 
from 4.2 to 9.4 em in association with a substantial 
reduction in the volume of thrombus. 

These patterns of internal thrombus transformation 
within the aneurysm by means of dissection, lysis, or some 
other mechanism may be the signature of imminent rup- 
ture. 


COMMENT 


Surgical and imaging reports have previously empha- 
sized the documentation of aneurysm size, presenting a 
limited reference to the internal composition of the aneu- 
rysm.?**:9 Clinical and radiographic variables relating to 





Fig 10.—An 11-cm aneurysm with only small rim of thrombus over 
its left lateral margin. It is suggested that this represents complete 
thrombus transformation with replacement by patent pulsatile 
lumen. Aneurysm ruptured two days following computed tomo- 
graphic examination. 
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calcification, and patent contrast opacified lumen measuring 4.2 cm. Right, Follow-up examination on same patient 
after interval of four months and 24 hours prior to aneurysm rupture. Aneurysm has increased in size to 10.2 cm, 
with associated marked increase in size of pulsatile, opaque lumen (9.4 cm). Note substantial loss of thrombus 
volume. Internal changes of thrombus transformation and expansion of pulsatile lumen are highly suggestive of 


imminent rupture. 
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aneurysm rupture in the symptomatic and asymptomatic 
patient have been reported and structure a decision-making 
scheme regarding timely operative and nonoperative man- 
agement of AAA." Darling,“ Bernstein and Chan," 
Szilagyi et al? and Chang" have clearly documented the 
most compelling criterion for surgery in AAA: aneurysm 
size and rate of growth. In the present report, aneurysms 
examined by means of CT were divided by size into three 
groups, and each group was analyzed to determine the 
composition of the vessel wall and the internal components 
of lumen and thrombus. The architecture and changing 
form of aneurysm for each group were characterized by a 
new set of descriptors, enabling the use of a constant 
nomenclature applied to the CT image of AAA. The 
specimen-quality image provided by CT scan may be the 
only opportunity to study these components, since current 
surgical techniques (ie, tube-graft inclusion technique) 
rarely provide an intact aneurysm specimen for patholog- 
ical examination. The CT radiographic report is essential 
for data accumulation and comparison. We presently struc- 
ture this report, carefully utilizing appropriate and con- 
stant terminology defined in this study, to include the 
following: sac diameter, wall calcification (1+ to 4+), arc 
of thrombus (0° to 360°), thrombus disposition (dorsal, 
ventral, or concentric), and T/L ratio (Fig 1). 

With the use of these parameters, three subsets of 
aneurysms were analyzed and compared: group 1, less than 
5 em; group 2, 5 to 7 cm; group 3, greater than 7 cm. 
Observed changes in the average composition of aneurysm 
in each group present a reasonable description of the 
patterns of growth of AAA. Of particular interest is the 
changing internal relationship of thrombus and patent 
lumen associated with increasing aneurysm size (Fig 2). 
The growth interval from 5 to 7 em is marked by a 
statistically significant and conspicuous increase in the 
volume of thrombus within the aneurysm. Perhaps more 
significant is the reversal of this change in aneurysm 
growth above the level of 7 cm. Specifically, a proportionally 
greater increase in the internal composition of the aneu- 
rysm is present within the patent lumen in aneurysms 
above 7 cm (Figs 2 and 3). The steady state of increasing 
thrombus volume that is observed in aneurysm growth 
through 7 cm subsides abruptly and is replaced, instead, 
by an apparent expansion of the patent pulsatile lumen 
(Fig 11). 

Certain questions may be drawn from this analysis. What 
happens to the thrombus in those aneurysms above 7 cm? 
Do only those aneurysms with little or no thrombus grow 
to a dimension greater than 7 cm? Does aneurysm thrombus 
undergo transformation when the aneurysm sac reaches a 
dimension greater than 7 cm? Does the presence of throm- 
bus insulate or protect from aneurysm rupture? Is the 
absence of thrombus a predictor of early rupture? Anec- 
dotal experience supports the hypothesis that transfor- 
mation of aneurysm thrombus occurs within aneurysms 
and may herald aneurysm rupture. A sickle-shaped collec- 
tion of contrast has been observed within ventral thrombus 
in five cases, including one case of frank rupture (Figs 4 
through 10). This finding may represent an internal dissec- 
tion of thrombus with a gradual percolation of flowing 
blood and contrast into the thrombus; hypothetically, this 
new crevice may expand at the expense of thrombus lysis. 
Subsequently, the rapid expansion of pulsatile lumen may 
lead to rupture. 

Other incidental findings include the average decrease 
in aneurysm wall calcification in larger aneurysms and an 
average increase in calcification observed in smaller aneu- 
rysms. Although the relationship of calcification is not 
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conclusive in the present study, an extended series may 
suggest that calcification is an indicator of limited expan- 
sion and aneurysm stability. Dorsal thrombus location in 
less than 10% of aneurysms studied marks this group as 
atypical, but the significance of dorsal thrombus disposition 
is unknown. Although the overall relationship of thrombus 
volume and thrombus disposition to rupture remains ob- 
scure, it is well known and documented that ventral 
intraperitoneal AAA rupture is uncommon, representing 
less than 4% of aneurysm ruptures." Disposition of throm- 
bus within the aneurysm sac may or may not influence the 
site of rupture (ie, predictive of rupture at the contralateral 
aortic wall). 

Computed tomographic scan for evaluation of AAA is 
precise in rendering a qualitative image of vascular pa- 
thology. Proper utilization and consistency in the use of 
terminology offers the possibility for comprehensive char- 
acterization of AAA by means of CT scan and is also useful 
in recording longitudinal studies of aneurysm growth. The 
absence of this specimen for gross pathological examination 
creates a special need for extended scientific reporting of 
findings on CT scan. In this respect, CT is probably 
underutilized at the present time. The parameters of 
description derived in this study may serve to better 
understand the growth patterns of AAA. Further, these 
descriptors develop a language that interprets aneurysm 
stability, potential for rupture, and likely port of rupture; 
additionally, further application may suggest prognosis 
and improved surgical planning. 


Katherine Storey, Ann Duncan, and Kathy Ann Rojas assisted in the 
preparation of this manuscript. 
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Marijuana and Alcohol Use Among 
41023 Trauma Patients 


A Prospective Study 


Carl A. Soderstrom, MD; Anna L. Trifillis, PhD; Belavadi S. Shankar, DSc; 


William E. Clark, MS; R Adams Cowley, MD 


e Marijuana use prior to injury was determined prospec- 
tively in 1023 patients injured as the result of vehicular (67.6%) 
and nonvehicular (32.4%) trauma. Most were men (72.8%); 
most were 30 years of age or younger (58.4%). All were 
admitted directly from the scene of injury. Serum ô-9- 
tetrahydrocannabinol activity was ascertained using a radio- 
immunoassay. Activity of 2 ng/mL or more was detected in 
34.7% of subjects. Blood alcohol determinations were made 
in 1006 patients; 33.5% were positive. Marijuana use among 
vehicular and nonvehicular trauma victims was not signifi- 
cantly different. Marijuana use was higher among those 30 
years of age or younger and among men. Vehicular crash 
victims consumed alcohol more frequently. Use of marijuana 
and alcohol in combination (16.596) was highly significant 
compared with marijuana alone (18.3%), alcohol alone (16.1%), 
or neither drug (49.1%). 

Arch Surg 1988;123:733-737) 


hile alcohol abuse among victims of traumatic insults 

has been well documented," little is known about 
marijuana use by trauma victims proximate to the time of 
injury. In the few large series reported, confirmation of 
such use involved victims of vehicular crashes. These stud- 
ies did not reflect the overall use of marijuana because they 
limited their scope to studying only those who died*" or 
those who agreed to be tested." 

No previous prospective study has measured marijuana 
use in a large population of vehicular and nonvehicular 
trauma victims. The purpose of this prospective study was 
to determine the use of marijuana proximal to the time of 
injury in approximately 1000 trauma victims and to relate 
that use to a number of other factors. 
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Radioimmunoassay (RIA) tests for 5-9-tetrahydrocan- 
nabinol (8-9-THC), the major psychoactive ingredient in 
marijuana, allow for documentation of marijuana use prox- 
imal to the time of injury. Urine tests for cannabinoid 
metabolites cannot be used to ascertain such a relationship, 
because such tests yield positive results four to ten days 
after smoking marijuana and for as many as 36 days after 
cessation in chronic users.'^ In contrast, the RIA test for 
serum 8-9-THC activity is not positive for such activity four 
hours after stopping marijuana use.” 


MATERIALS AND METHODS 


All trauma victims admitted from the scene of injury to the 
Shock Trauma Center of the Maryland Institute for Emergency 
Medical Services Systems, Baltimore, between July 29, 1985, and 
May 8, 1986, were candidates for the study. This demographic 
study was designed to document marijuana and alcohol use among 
trauma victims. 

Prior to testing for marijuana use, the following data were 
collected: age (=30 years; >30 years), sex, mechanism of injury 
(vehicular or nonvehicular), Injury Severity Score (ISS),'* and 
blood alcohol level (BAL) (0, «99, 2100 mg/dL). 

The ISS was designed to measure and compare degrees of injury 
among blunt trauma victims. For ISS, the body is divided into six 
regions. Each injury is assigned a number from 1 (“minor”) to 6 
(“maximum injury virtually unsurvivable") that reflects degree of 
injury from the abbreviated injury scale." To derive an ISS, the 
highest score from the three most severely injured regions are 
squared and then added. (One investigator [C.A.S.] determined all 
ISSs.) 

After data collection, a serum sample was tested for 8-9-THC. 
The serum sample was a leftover (usually discarded) from venous 
blood samples for routine admission diagnostic studies. In no case 
was serum drawn for the sole purpose of testing for 5-9-THC. 
Before testing, specimen tubes were assigned new identifiers in a 
random fashion; all previous identifiers were removed and dis- 
carded. Approximately 200 specimens were submitted for testing 
at one time to one of the investigators (A.L.T.). 

Patient confidentiality was protected by (1) selecting broad 
demographic and clinical data set points and (2) *blinding" patient 
identifiers to 8-9-THC results. With the patient confidentiality 
assured and the use of normally discarded serum samples, the 
need for patient consent was obviated. 
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This study was approved by the University of Maryland’s Human 
Volunteers Research Committee and the Shock Trauma Center's 
Clinical Research Committee. 


Testing for 5-9-THC 


Serum samples were stored at — 70°C. Analysis for 8-9-THC was 
made using an RIA kit prepared by the Research Triangle Insti- 
tute (Research Triangle Park, NC). A series of standards (2.5, 5.0, 
10.0, 25.0, and 50.0 ng/mL) and control serum samples (8 and 
30 ng/mL) were assayed with each series of unknowns. Standard, 
control, and unknown serum samples were extracted with methyl 
aleohol and centrifuged. Aliquots of supernatant were incubated 
overnight at 4°C with 8-9-THC-specific antiserum and the radio- 
ligand, tritiated 8-8-THC. The unlabeled 8-9-THC reduced the 
fraction of radioactivity bound to the antibody. Subsequent char- 
coal treatment removed free radioligand, and bound radioactivity 
was counted in a liquid scintillation counter (Beckman 7800). 

The 8-9-THC levels for unknowns were interpolated from the 
standard curve in the following manner. Counts per minute values 
of standards, controls, and unknowns were corrected for non- 
specifie binding, divided by the total counts per minute of the 
radioligand, and multiplied by 100 to obtain the percent radi- 
oligand bound. On logit-log paper, the percent radioligand bound 
for each of the standards was plotted vs the 8-9-THC concentra- 
tion, and the concentrations in controls and unknowns were 
interpolated from the standard curve. 

The RIA technique is less specific than gas chromatography, 
high-pressure liquid chromatography, or mass spectrophotometry. 
In the forensic community, gas chromatography/mass spectropho- 
tometry (GC/MS) is the most accepted method to confirm can- 
nabinoid activity detected by RIA." As a check, 50 serum samples, 
39 of which were positive for 8-9-THC, were submitted for GC/MS 
analysis. All 39 RIA-positive serum samples were also positive 
by GC/MS, and all RIA-negative serum samples were negative by 
GC/MS. In general, RIA yielded values that were approximately 
2.5 times those found by GC/MS. Because immunologic reagents 
may react to THC metabolites other than 5-9-THC, these tests 
generally give higher values than chromatographic methods spe- 
cific for 8-9-THC. 

Unless otherwise indicated, data were analyzed with the x° test. 


RESULTS 


Between July 29, 1985, and May 8, 1986, a total of 1109 
patients were candidates for the study (Table 1). Serum 
was available from 1023 (92.2%). Most patients were ad- 
mitted within one hour of injury; in no case did that time 
exceed three hours. 

It was postulated that blood might not be drawn as 
frequently from patients who were essentially *dead on 
arrival" or in whom heroic resuscitation efforts failed. This 
hypothesis is supported by an analysis of survival and 
mortality data (including time of death) from independent 
lists of patients who had serum available for testing com- 
pared with those from whom serum was not available. Of 
the 1023 patients, 91 died (8.9%), 13 (14.3%) of whom were 
dead on arrival or pronounced dead within one hour of 
admission. In contrast, 36 (41.9%) of 86 patients in whom 
serum was not available for testing died. Of those 36 
patients, 29 (80.6%) were dead on arrival or pronounced 
dead within one hour of admission. 


Marijuana Use 


The use of marijuana among 34.7% of the 1023 patients is 
reflected in Table 2. The serum samples of those 355 
patients were positive for 8-9-THC at a level of 2 ng/mL or 
higher. (Levels below 2 ng/mL were considered negative for 
6-9- THC activity.) The results, ranging from 2 to 75 ng/mL, 
were subdivided arbitrarily into three categories of 5-9- 
THC activity as follows: 2 to 4.9 ng/mL (n= 141, 18.8%), 
5.0 to 9.9 ng/mL (n=91, 8.9%), and 10 ng/mL or higher 
(n—123, 12.0%). Marijuana use was significantly greater 
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Table 1.—Profile of Patients* 


No. (%) of Patients No. (%) Men 


Vehicular crash victims 
Automobile occupants 











Drivers 398 261 (65.6) 
Passengers 145 76 (52.4) 
Total 543 (53.1) 337 
Motorcycle riders 
Drivers 72 69 (95.8) 
Passengers 4 3 (75.0) 
Total 76 (7.4) 72 
Pedestrians struck 73 (7.1) 52 (71.2) 
Nonvehicular victims 331 (32.4) 274 (82.8) 






Total 1023 (100) 735 (71.8) 


*Patients aged 30 years or less, 597 (58.4%); Injury Severity Scores of 
crash victims 13 or higher, 294 (42.5%). 





Table 2.—Use of Marijuana and Alcohol Among Victims of 
Trauma 


No. (96) 
Using Drug 


Marijuana 


Variable 


597 248 (41.5) 
426 107 (25.1) 


735 274 (37.3) 
288 81 (28.1) <.02 


Cause 
Vehicular 692 
Nonvehicular 331 


Total 1023 
Alcohol 


234 (33.8) 
121 (36.6) NS 


355 (34.7) y 


585 215 (36.8) 
421 113 (26.8) 


268 (37.1) 
60 (21.1) 


Cause 
Vehicular 249 (36.6) 
Nonvehicular 79 (24.2) 


Total 328 (32.6) 


*NS indicates not significant; x? values were calculated from observe ' ~nd 
expected numbers from 2 x 2 contingency tables. 

1Blood alcohol levels were not determined in 17 of the 1023 patients tested 
for marijuana use. 





in those 30 years of age or younger and among men. There 
was no statistical difference in marijuana use among 
vehicular and nonvehicular trauma victims. 


Alcohol Use 


Admitting BALs were determined on 1006 (98.3%) of the 
1023 patients (Table 2); 328 (82.6%) were positive. Over 
three quarters of the BALs were 100 mg/dL or higher. 
Alcohol use was significantly linked to being 30 years of age 
or younger, a man, and injured in a vehicular crash. 


Combined Marijuana 
and Alcohol Use 


Almost half of the 1006 patients tested for both marijuana 
and alcohol showed no evidence of having used either drug 
(Table 3). Of the remainder, 18.3% were positive for mari- 
juana only, 16.1% had consumed only alcohol, and 16.5% had 
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Table 3.—Marijuana and Alcohol Use Among Victims of 
Trauma 


No Marijuana Alcohol Both 
Drug Only Only 


Drugs 

Automobile occupants 

Drivers (n=393) 196 61 

Passengers (n= 139) 68 
Motorcycle riders 

Drivers (n=70) 25 

Passengers (n= 4) 3 1 0 0 
96 of total patients (1006) X 49.1 18.3 16.1 16.5 

*P- 001. 


1Blood alcohol levels were not determined in 17 of the 1023 patients tested 
a for marijuana use. 


used both drugs. The number of patients using both mari- 
juana and alcohol (166) is significantly larger (P<.001) than 
the expected number (114) if the use of marijuana and the 
use of alcohol were unassociated. 


Marijuana and Alcohol Use in 
Vehicular and Nonvehicular Trauma 


Marijuana use was significantly greater among victims of 
both vehicular and nonvehicular trauma 30 years of age or 
younger and among men injured in vehicular crashes (Table 
4). While alcohol consumption was greater among those 30 
years of age or younger and among men injured in vehieular 
crashes, age and sex were not factors in aleohol consump- 
tion among nonvehicular trauma victims. 


Marijuana/Alcohol Use in 
Vehicular Trauma 


Among automobile drivers, 31.7% used marijuana, with 
no difference among men and women drivers. Almost twice 
as many drivers 30 years of age or younger (n— 225) used 
marijuana, compared with older drivers (n—178) (40.0% 
and 20.8%, respectively) (P<.001). Fifty percent of male 
passengers (n— 76) used marijuana, compared with 23.2% 
of female passengers (n — 69) (P<.001). Age was not a factor 
in the use of marijuana. 

Overall, 28.9% of drivers had BALs of 100 mg/dL or 
higher. Such levels were found more in male drivers than in 
female drivers (36.8% and 13.9%, respectively) (P<.001). 
Blood alcohol levels of 100 mg/dL or higher were noted more 
frequently in the 225 drivers 30 years of age or younger than 
in those older than 30 years of age: 32.9% and 23.7%, 
respectively (P<.04). Among 145 passengers, 31 (21.4%) 
had BALs of 100 mg/dL or higher. Age and gender were not 
factors among passengers with such levels. 

Marijuana or alcohol use or both among motorcycle 
occupants and pedestrians is noted in Table 3. 


Factors Affecting ISS 


The effects of the use of alcohol or marijuana or both, the 
sex and age of the patient, and the status of vehicular crash 
victims (passenger/driver, pedestrian) on injury severity 
were evaluated. With the use of an analysis of variance, only 
pedestrian status correlated with an increase in ISSs 
(P«.02). 


COMMENT 


This is the first prospective study of marijuana use in a 
large number of consecutive patients injured as the result of 
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Table 4.—Marijuana and Alcohol Use Among Vehicular and 
Nonvehicular Trauma Victims Relative to Age and Sex 


No. (%) 


Variable Using Drug P* 


Marijuana 
Vehicular 
Aged 30 y 408 
Aged >30 y 284 


Nonvehicular 
Aged =30 y 
Aged >30 


Vehicular 
Men 103 (37.6) 
Women 18 (31.6) 


Nonvehicular 
Men 171 (37.1) 
Women 63 (27.3) 


166 (40.7) 
68 (24.0) 


82 (43.4) 
39 (27.5) 


Alcohol 
Vehicular 
Aged <30 y 396 
Aged >30 y 284 


Nonvehicular 
Aged =30 y 
Aged >30 y 


Vehicular 
Men 197 (44.0) 
Women 52 (22.8) 


Nonvehicular 
Men 71 (25.9) 
Women 8 (14.3) 


*NS indicates not significant; x? values were calculated from observed 
and expected numbers from 2 x 2 contingency tables. 


170 (42.9) 
79 (27.8) 


45 (24.4) 
34 (23.9) 





vehicular and nonvehicular causes. Marijuana use was 
detected in 34.7% of the 1023 patients. 

After smoking marijuana, blood levels of 8-9-THC peak 
within one hour and then rapidly decline.'*/* 8-9-Tetra- 
hydrocannabinol RIA activity is usually negative four hours 
after marijuana use. On the basis of RIA analysis of serum 
samples of subjects who smoked up to three marijuana 
cigarettes consecutively, Soares and Gross” concluded that 
“a plasma sample negative for 8-9-THC would seem to be 
unambiguous evidence that Marihuana had not been 
smoked in the preceding hour.” Their study did not include 
long-term users. 

One must consider the possibility of false-positive results 
in long-term heavy users of marijuana. Being highly lipo- 
philic, 8-9-THC is rapidly taken up and stored in fatty 
tissues. ^*^? Chesher? noted that long-term users may have 
considerable stores, which may be steadily released into the 
blood. He cited studies indicating that levels of 2 to 
22 ng/mL have been measured in heavy users of marijuana a 
day after they reported not using marijuana. Patterns of use 
among our patients were not ascertained. 

One must consider the possibility that 5-9-THC levels 
may be detected in passive nonusers in the vicinity of 
marijuana smokers. Experimental data do not support this 
concept. Mason and colleagues" exposed a passive subject 
to marijuana smokers in a confined space. Radioim- 
munoassay of the subject’s serum indicated 8-9-THC activ- 
ity was between 2.0 and 2.2 ng/mL, but "the passive 
exposure conditions used were extreme." Analysis of the 
room's air indicated that the subject was exposed to 8-9- 
THC levels 60 to 600 times greater than that of nicotine in 
public places.” In another closed-space study in which six 
smokers developed 5-9- THC levels of 7.5 ng/mL, no activity 
was detected in four passive subjects.” 
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Overall Marijuana Use 


Marijuana use in trauma patients has been assessed only 
in those injured in vehicular crashes, including several large 
groups of subjects who were fatally injured. Mason and 
McBay” noted marijuana use among 47 (7.8%) of 600 North 
Carolina drivers who died within an hour of being injured 
in single-vehicle crashes. In those patients, 8-9-THC activ- 
ity was measured with an RIA technique in which values 
3.0 ng/mL or higher were considered positive. The mean 
age of the victims was 31.2 years; 86.7% were men. Cimbura 
and colleagues* noted a 3.3% incidence of marijuana use 
among 401 fatally injured drivers and 83 pedestrians. 
Radioimmunoassay of 8-9-THC (22.0 ng/mL was consid- 
ered positive) was used in these victims dying within one 
hour of injury. The highest incidence of marijuana use 
among fatally injured drivers was reported by Williams and 
colleagues.” Their subjects were a select group, ie, young 
male California drivers. Among 440 such individuals, mari- 
juana use varied from 3296 to 3996 among age groups 
between 15 and 34 years. Williams and colleagues used a 
GC/MS method to measure whole blood 8-9-THC activity. 
Measuring levels of activity as low as 0.2 ng/mL using this 
method, they noted that serum levels would be twice as 
high. Zimmerman et al? detected 8-9-THC levels of 
5.5 ng/mL or higher among 14.4% of 1792 “erratic” drivers 
stopped by California police. Finally, a study of nonfatally 
injured drivers in Monroe County, New York, found an 
incidence of marijuana use similar to the values reported 
by others. In that study, Terhune and Fell detected 
9-9-THC activity in the serum of 47 (9.5%) of 497 drivers. 
That figure was probably conservative, considering that 
29.3% of candidates for study refused to participate despite 
being “assured that their identities would be protected.” 


Marijuana Users 


The 34.7% incidence of marijuana use in this report is 
similar to the 36.8% rate reported by Williams and col- 
leagues," who studied “a population that has high drug use 
and crash rates: young California males.” Although mari- 
juana use in both of these studies is higher than that 
reported by others,*'^? the predilection for that use among 
younger individuals, particularly men, has been noted by 
them. Among the 16 fatally injured drivers who used 
marijuana studied by Cimbura and colleagues,’ 15 were 
men, and all were younger than 30 years of age. In the group 
of nonfatally injured drivers reported by Terhune and Fell,” 
those who had used marijuana compared with those who 
had not were more frequently under the age of 31 (84.8% vs 
55.6%) and men (80.9% vs 58.2%). Among the 600 fatally 
injured drivers described by Mason and McBay,” 37 (78.7%) 
of the 47 marijuana users were younger than the mean age 
of 31.2 years of all of the drivers (P<.02); sex was not a 
factor in marijuana use. The pattern of marijuana use 


among injured young men is a reflection of the overall use 


among the population at large.™ 
Combined Marijuana and Alcohol Use 


Among our patients, the use of marijuana correlated 
significantly with the use of alcohol and vice versa. The 
combined reports of Cimbura and colleagues? and Terhune 
and Fell,” in which the incidence of marijuana use among 
vehicular crash victims was 3.396 and 9.5%, respectively, 
illustrate the use of one drug with the other. The linkage of 
use ofthe two drugs is accentuated in the report of Williams 
et al" in which marijuana was detected in 36.8% of subjects. 
The combined use of marijuana and alcohol reported in the 
national survey of 1982 is similar to the 16.596 rate observed 
in the current study. In that survey,” 16% of young adults 
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(18 to 25 years of age) indicated that when they used 
marijuana, they usually consumed alcohol. 


Etiologic Roles of Marijuana and Alcohol 


À recent consensus report by the Council on Scientific 
Affairs ofthe American Medical Association? indicated that 
(1) clinical, epidemiologic, and experimental data accumu- 
lated over 50 years have demonstrated an etiologic link 
between increasing BALs in drivers involved in vehicular 
crashes and (2) deterioration of driving skills begins at a 
BAL of 50 mg/dL or less. No definitive studies have 
demonstrated a significant link between the use of mari- 
juana and vehicular crashes. Due to the complex phar- 
macokinetics of marijuana, blood and serum levels of 
6-9-THC activity compatible with “intoxication” or “im- 
pairment" have yet to be defined. ^?» 


Injury Severity 


An analysis of variance was performed to assess which of 
several factors may be associated with an increase in 
severity of injury. Considering the vulnerability of pedes- 
trians, it is not surprising that they had significantly higher 
ISSs (P<.02) than automobile and motorcycle riders. 

Alcohol consumption did not correlate with injury sever- 
ity This finding is consistent with the findings in two 
other studies, in which it was noted that the ISSs of 
drinking trauma patients were not significantly different 
from those of patients who had not been drinking.” In 
fact, in another study, Ward and colleagues? found that 
among surviving trauma patients, those who drank alcohol 
had significantly higher ISSs than those who did not 
(P<.001). A greater percentage of patients who did not 
consume alcohol died (P<.02). In a study of blunt and 
penetrating trauma victims, in which the trauma score? 
was used as a measure of severity of injury, Thal and 
coworkers* found no difference in the degree of injury or 
mortality among those who had consumed alcohol com- 
pared with those who had not. The possible influence of 
marijuana use on injury severity was examined for the 
first time in this study. No correlation was found between 
injury severity and the presence of 8-9-THC activity in a 
patient's serum. 


CONCLUSIONS 


A method that protected patient confidentiality was 
developed to prospectively evaluate the use of marijuana 
and alcohol among trauma patients proximal to the time of 
injury. The following observations were made: 

1. One third of victims used marijuana or alcohol or both, 
with the use of one being associated with use of the other. 

2. Marijuana and alcohol use was more common in men 
and in those 30 years of age or younger. 

3. The incidence of marijuana use was similar among 
victims of vehicular and nonvehicular trauma, but alcohol 
was used more by victims of vehicular trauma. 

4. Injury severity did not correlate with either drug. 


This study was supported by US Department of Transportation/National 
Highway Safety Traffic Administration contract DTNH 22-85-05124. 

Radioimmunoassay kits were supplied by the National Institute on Drug 
Abuse (Rockville, Md) by authority of Richard L. Hawks, PhD. Roger Foltz, 
PhD, assisted in confirming RIA results by mass spectroscopy at the 
University of Utah Center for Human Toxicology, Salt Lake City. Colleen 
Rohrbeck and others collected clinical and demographic data. The manu- 
script was edited by Linda J. Kesselring. 
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Editorial Comment 


This timely and important study is, to my knowledge, the first 
prospective study done in a major trauma center examining 
marijuana use and BALs in accident victims. The authors have 
pointed out that 33.5% of their patients had positive BALs and that 
there was no significant difference in marijuana use. This has 
profound medical and health policy implications. 

The results in this study are different from retrospective stud- 
ies, which are primarily based on autopsy studies. In an autopsy 
study that I performed in San Francisco, nonalcohol drug use was 
approximately 13%, whereas alcohol use in victims who died at the 
scene approached 50%. This study would imply that survivors have 
a slightly lower rate of alcohol use, but an increased rate of 
marijuana use. Although random breath-analysis tests might 
detect impaired drivers who are using alcohol, it is unlikely that 
a simple roadside test for marijuana is immediately available. 


This study also has implications on recidivism and how society 
will deal with recurrent problems. Conceivably, a person who had 
been previously convicted of drunk driving could have a breath- 
analysis device installed in the car that would make it impossible 
for the driver to start the vehicle if he or she had unsafe or 
detectable levels of alcohol. Such a device is probably not easily 
achieved for marijuana. Unfortunately, it is these kinds of deter- 
rents that must be used with alcohol and marijuana users since it 
is quite unlikely that behavior can be changed. | 

The authors have identified an extremely important problem. It 
is now up to the medical profession, automotive engineers, health 
policy people, and the public at large to try to solve this vexing 
problem. 

DoNnaLD D. TRUNKEY, MD 
Portland, Ore 
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Manifestations of Sepsis 


Richard L. Harris, MD; Daniel M. Musher, MD; Kim Bloom, MD; Joe Gathe, MD; Lawrence Rice, MD; 
Barrett Sugarman, MD; Temple W. Williams, Jr, MD; Edward J. Young, MD 


The clinical manifestations of sepsis may be flagrant or subtle. Awareness of the signs and symptoms of 
sepsis allows early recognition and prompt, appropriate management. The clinieal presentation, relative 
frequency, and current pathophysiologic understanding of the manifestations of sepsis are reviewed. Special 
emphasis is placed on the cardiopulmonary manifestations, which are examined in a temporal sequence of 
preshock, early shock, and late shock states. While therapy for the underlying infection (such as antibiotics 
and drainage of abscesses) is often sufficient, therapy for the specific manifestations of sepsis may also be 
necessary. Guidelines for therapy for these manifestations of sepsis are given. (Arch Intern Med 


1987;147:1895-1906). 


Reprint requests to Infectious Disease Laboratory, Methodist Hospital, MS 910, 6565 Fannin, Houston, TX 77030 (Dr 


Harris). 
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“Lower Gastrointestinal Hemorrhage 


in Renal Transplant Recipients 


Steven Stylianos, MD; Kenneth A. Forde, MD; Alan I. Benvenisty, MD; Mark A. Hardy, MD 


e A review of the literature and our own series revealed 38 
patients with lower gastrointestinal (LGI) hemorrhage among 
4086 renal transplant recipients (0.9%). These patients repre- 
sent 30% of 128 patients with major colorectal complications in 
this group. Of the 32 patients whose treatment and outcome 
were reported, only 12 (38%) were treated operatively. The 
overall mortality rate was 72%. The causes of LGI hemorrhage 
included colitis from opportunistic infections (42%); pseudo- 
membranous, ischemic, or uremic colitis (4096); and idiopathic 
ulcers of the colon (18%). Colonoscopic, gross, and histo- 
pathologic findings of a patient with massive LGI hemorrhage 
from a fungal ulcer of the colon are the focus of this study, as 
are the implications of such findings. We propose an algorithm 
for diagnostic and therapeutic management decisions. We 
emphasize prompt diagnosis and the importance of co- 
lonoscopy. We propose withdrawal of immunosuppression 
and early operative intervention if the patient survival rate is to 
improve. 

(Arch Surg 1988;123:739-744) 


d 1 A J ith the increasing interest in solid organ transplanta- 


tion and immunosuppression has come a variety of 
immunologic, infectious, and surgical complications. Lower 
gastrointestinal (LGI) hemorrhage ranks second only to 
perforation as the major colorectal complication following 
renal transplantation.'"? A case of massive LGI hemorrhage 
in one of 350 consecutive renal transplant recipients due to 
fungal colitis is presented. A review of the English-lan- 
guage literature concerning patients with LGI hemorrhage 
following renal transplantation is discussed in relation to 
the various causes of this condition. We propose an 
algorithm to aid in diagnostic and therapeutic management 
decisions. 


Accepted for publication June 5, 1987. 

From the Departments of Surgery, Columbia University College of 
Physicians & Surgeons and Presbyterian Hospital, New York. 

Reprint requests to Columbia-Presbyterian Medical Center, 630 W 168th 
St, New York, NY 10032 (Dr Forde). 
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REPORT OF A CASE 


A 55-year-old man with hypertensive renal failure received a 
cadaveric kidney transplant and underwent immunosuppression 
with prednisone and azathioprine. An episode of acute cellular 
rejection (confirmed by biopsy specimen) during the third week 
after operation was successfully reversed with increased doses of 
steroids and with antithymocyte globulin (ATGAM, Upjohn, Kala- 
mazoo, Mich). The patient was discharged with a serum creatinine 
level of 150 pmol/L (1.7 mg/dL). He was readmitted during the 
seventh week after operation with LGI hemorrhage. During the 
next ten days the patient bled intermittently and received 22 U of 
blood products. Two technetium Tc 99m sulfur colloid scans and 
two angiograms did not identify the source of bleeding during this 
period. Despite urging by the staff, the patient refused consent for 
colonoscopy or surgery until the 11th hospital day. Total fiberoptic 
colonoscopy revealed a 3-cm area of irregular friable mucosa with 
areas of submucosal hemorrhage in the descending colon (Fig 1). 
Endoscopic biopsy revealed total denudation of the epithelium, 
submucosal hyperemia, and hemorrhagic infiltrates filled with 
fungal organisms (Fig 2). Gomori’s stain confirmed the presence of 
hyphae (Fig 3). Intra-arterial vasopressin did not control the 
bleeding, and the patient underwent a left hemicolectomy. Gross 
pathologic findings included a 3x5-em area with thickened 
edematous folds of mucosa and areas of hyperemia and focal 
hemorrhage. A species of Candida grew in a culture of the 
specimen. The patient died 24 hours after operation despite 
intensive supportive efforts. Blood cultures during the peri- 
operative period were positive for Candida albicans. Autopsy 
findings included disseminated fungal disease involving the tra- 
cheobronchial tree, lungs, esophagus, remaining colon, and trans- 
planted kidney. 


CAUSES OF LGI HEMORRHAGE 


A review of 16 reported series concerned with gastroin- 
testinal complications in more than 4000 renal transplant 
recipients (Table 1) identified 38 patients with LGI hemor- 
rhage (six patients with severe hemorrhoidal bleeding were 
excluded).*? These patients represent 30% of 128 patients 
with major colorectal complications in this group (Table 2). 
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Fig 1.—Endoscopic view of descending colon ulcer. Note sub- 
mucosal hemorrhage. 





Fig 2.—Endoscopic biopsy specimen of colonic ulcer. Note denudation of epithelium, 
submucosal hyperemia, and hemorrhagic infiltrates (hematoxylin-eosin, original magni- 
fication x 40). 
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The patients ranged in age from 8 to 55 years (mean, 34 
years), and the interval from transplant to LGI hemorrhage 
ranged from one week to 34 months (median, three months). 
All patients required transfusions. Of the 32 patients whose 
treatment and outcome were reported, only 12 (3896) were 
treated operatively, with four survivors (mortality rate, 
67%), while 20 patients were managed without operation, 
with five survivors (mortality rate, 7596). The overall mor- 
tality rate was 72%. 

The causes of the LGI hemorrhage can be divided into 
three major areas (Table 3): (1) Colitis from opportunistic 
infections was the cause in 16 patients (42%), with a 
mortality rate of 88%, and it is the primary focus of this 
report. (2) Other causes of LGI hemorrhage included 
pseudomembranous, ischemic, or uremic colitis in 15 pa- 
tients (40%), with death occurring in six (55%) of 11 patients 
(the fate of four patients was not reported). With timely 
institution of adequate dialysis, prompt transplantation, 
and a decrease in the use of broad-spectrum antibiotic 
drugs, the incidence of these three related forms of colitis 
has decreased since earlier reports. (3) Idiopathic ulcers of 
the colon were found in seven patients (18%), with death 
occurring in three of the five patients whose outcome was 
reported. 
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Fig 3.—Hemorrhagic infiltrate in submucosa of ulcerated colon with fungal hyphae present 
(Gomori's stain, original magnification x 450). 
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Colitis From Opportunistic infections 


Ulceration and opportunistic infection of the colon in 
transplant recipients occurs primarily because of aggres- 
sive immunosuppression, particularly with the use of high- 
dose steroid boluses in the treatment of graft rejection.” 
Fungal colonization of the gastrointestinal (GI) tract occurs 
from the oropharynx to the anus and is considered commen- 
sal in otherwise healthy individuals. The GI tract is the 
most common portal of entry of yeasts leading to systemic 
dissemination. *™ Areas of high-density colonization that 
may lead to systemic infection appear at points of mucosal 
ulceration. Fungal ulcerations have been described in the 
esophagus, stomach, small intestine, and colon.” Steroids 
appear to play an important role in the pathogenesis of such 
ulcerations in transplant recipients. The steroids are said to 
thin the bowel wall by decreasing lymphoid aggregates and 
mucosal turnover and to decrease the reparative mecha- 
nisms by inhibiting fibroblasts and collagen deposition in 
the intestine.” The decrease in cell-mediated immunity for 
which steroids are used in transplantation together with 
changes in the intestinal flora due to the use of systemic 
antibiotic drugs increases colonic vulnerability to viral and 
fungal overgrowth once local resistance is altered. Wide- 
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Table 1.—Collective Review 


4086 
128 (3.1) 
38 


No. of renal transplants (16 series) 
Patients with major colorectal complications, No. (%) 
Cases of LGI hemorrhage* 
Age of patients, y 
Range 
Mean 
Time from transplant 
to LGI hemorrhage, mo 
Range 1-34 
Median 3 
Patients treated operatively, No. (%) 12/32 (38)t 
Mortality rate, No. (%) 23/32 (72)t 


*Nonhemorrhoidal cases. LGI indicates lower gastrointestinal. 
TData not reported for six cases. 


Table 2.—Major Coiorectal Complications 


Complication No. (%) of Patients 


Perforated colon 49 (38) 
Lower gastrointestinal hemorrhage 




















(nonhemorrhoidal) 38 (30) 
Colitis (without hemorrhage) 11 (9) 
Massive fecal impaction 8 (6) 
latrogenic injury 6 (5) 
Bleeding hemorrhoids 6 (5) 
Appendicitis 5 (4) 
Perirectal abscess 3 (2) 
Cecal volvulus 1 (1) 
Proctalgia 1 (1) 






Total 128 (101)* 





*Total does not add to 10096 because of rounding. 


Fig 4.—Algorithm for management of lower gastrointestinal hemor- 
rhage in renal transplant recipients. 
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spread use of antacids and H,-antagonists has also been 
implicated in promoting GI fungal overgrowth by the resul- 
tant achlorhydria. Mucosal loss may facilitate transmural 
migration of yeasts as well as other opportunistic organisms 
and may lead to dissemination. The progression from fungal 
colonization to hematogenous dissemination carries a mor- 
tality rate close to 80%.”.327 Measures to prevent dissem- 
ination include cautious use of systemic antibiotic drugs 
and prophylactic treatment of the GI tract with local 
antifungal agents, such as nystatin or flucytosine. 

Early diagnosis of this lethal complication is difficult. 
Although serologic studies, including agglutination and 
precipitation reactions, have identified patients with active 
fungal infections retrospectively, the prospective clinical 
value of these tests has yet to be defined. Only 50% of the 
autopsy-proved cases with disseminated fungal infections 
have had documented fungemia. Fiberoptic colonoscopy 
with biopsy appears to provide, at present, the optimal 
method for early identification of both the site and cause of 
LGI ulceration and hemorrhage. Demonstration of fungal 
hyphae in the lamina propria and submucosa of ulcerated 
lesions via endoscopic biopsy should lead to prompt de- 
crease and withdrawal of immunosuppression, institution of 
systemic antifungal therapy, and operative treatment in 
transplant recipients with bleeding fungal ulcers. The use 
of low-dose amphotericin B (0.75 mg/kg/d for 14 to 21 days) 
has decreased the nephrotoxic risk of the drug for renal 
grafts and allowed preservation of renal transplant func- 
tion. Had our patient permitted earlier use of colonoscopy, 
the therapeutic steps and outcome might have been differ- 
ent, and death might have been avoided. To our knowledge, 
ours is the first case of fungal colitis in a renal transplant 
recipient that was diagnosed by fiberoptic colonoscopy 
prior to operation or autopsy. The value of colonoscopy can 
be applied to the management of other opportunistic colonic 
lesions, including those caused by cytomegalovirus, the 
most common opportunistic pathogen of the colon in trans- 
plant recipients.” 


Idiopathic Ulcers of the Colon 


The diagnosis of an idiopathic colonic ulcer (Barron’s 
ulcer)” is one of exclusion once infectious, thrombotic, 
neoplastic, foreign-body, and granulomatous causes have 
been ruled out. These ulcers are usually solitary, and the 
majority occur in the cecum or ascending colon. The 
ulcerogenic effects of steroids and severe colonic distention 
from the decrease in bowel motility associated with renal 
failure, impaction, autonomic insufficiency, and diabetes 
mellitus have been implicated in the pathogenesis of these 
rare lesions.*! Such nonspecific lesions may represent op- 
portunistic infections of the colon that are not accurately 
diagnosed by culture. This is an area where preoperative 
fiberoptic colonoscopy and biopsy can play a major diag- 
nostic role. The absence of opportunistic pathogens in 
colonoscopic biopsy specimens of such bleeding lesions 
should allow the continuation of immunosuppression and, 
with early operative intervention, should increase both 
graft and patient survival. We have abandoned the use of 
intra-arterial vasopressin in treating these lesions. Al- 
though the University of Minnesota group" showed that 
angiographic localization and intra-arterial infusion of 
vasopressin are of some value in diagnosing and treating 
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Table 3.—Lower Gastrointestinal Hemorrhage in Renal Transplant Recipients 


No. (96) of 
Patients 

Opportunistic 

colitis 
Pseudomembranous, 

ischemic, or 

uremic colitis 
Idiopathic 

colonic 

ulcers 


16 (42) 


15 (40) 





Time From 

Transplant 

to Lower 
Gastrointestinal 
Hemorrhage, mo 


Patients 
Treated 
Operatively, 
96 


Mortality 


Range Median Rate, % 


*Data were not reported for two patients each with pseudomembranous colitis, uremic colitis, and idiopathic colonic ulcers. 


selected patients, the reports of necrosis and perforation of 
the colon temporally related to the use of vasopressin are 
discouraging in that regard." The potential delay in 
operative intervention in such cases should be avoided. 


COMMENT 


The mortality rate of 88% in our review of renal trans- 
plant recipients with LGI hemorrhage due to opportunistic 


colitis confirms the extremely serious nature of this compli- - 


cation. Sutherland and associates" emphasized the hazards 
of aggressive immunosuppressive treatment of graft rejec- 
tion in the setting of opportunistic colitis and the poor 
prognosis in these patients. Although the interval from 
transplant to LGI hemorrhage ranged from one week to 34 
months, the majority of episodes occurred within the first 
four months after transplantation. This is when the inci- 
dence of rejection episodes is highest and when renal 
function is still recovering and stabilizing, while immu- 
nosuppressive therapy is the most intense. 

Lower gastrointestinal hemorrhage in this unique group 
of patients must not be viewed in the same manner as in the 
normal population. Diverticular and angiodysplastic lesions 
are the predominant causes of severe LGI bleeding in 
nonselected series. These patients frequently stop bleeding 
with conservative management and do not require oper- 
ative intervention. In contrast, immunosuppressed trans- 
plant recipients are at a higher risk for ulcerations and 
opportunistic colitis, which can lead to massive colonic 
hemorrhage. Nonoperative management in these patients 
has resulted in an overall mortality rate of 7596. Prompt and 
frequently invasive investigation into the cause of the 
hemorrhage is mandatory. Previous reports from our insti- 
tution have demonstrated the efficacy of emergency co- 
lonoscopy during acute LGI hemorrhage.?** We propose an 
algorithm (Fig 4) to aid in diagnostic and therapeutic 
management decisions when treating these seriously ill 
transplant patients. Fiberoptic endoscopy with biopsy 
should be used early in the course of bleeding. Colonoscopy 
may reveal both the site and cause of the hemorrhage, as it 
did in our patient, and provide a basis for continuing or 
withdrawing immunosuppression. The infusion of vasopres- 
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sin, although possibly temporarily beneficial, may lead to 
additional complications and an undesirable delay in oper- 
ative intervention. Early diagnosis of opportunistic colitis 
at an early stage of bleeding should result in an appropriate 
withdrawal of immunosuppression and prompt operative 
intervention when indicated. Only thus can we hope to avoid 
catastrophic results in these difficult patients. Treatment of 
graft rejection during colonic hemorrhage is contraindicated 
and may result in death of the allograft recipient. Patient 
survival, rather than graft function, must remain the focus 
of management. 


The authors thank Raffaele Lattes, MD, for review of the histopathologic 
findings. 
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invited Editorial Comment 


This article is an extremely thorough review of LGI hemorrhage 
in renal transplant patients. The gravity of this condition in the 
immunosuppressed host is appropriately emphasized by the au- 
piers. Early histologic diagnosis is mandatory since fungal infec- 

ions are usually systemic and require the earliest possible admin- 
istration of the appropriate antibiotic agent, usually amphotericin. 
Resection of the involved segment might not always be necessary, 
however, unless the rate and volume of bleeding merit it. Discon- 
tinuation of immunosuppressive agents is mandatory in renal 
transplant recipients if the ulcers are secondary to a fungal 
infection. Cautious reinstitution of low-dose immunosuppressive 


agents should be carried out at the appropriate time, after the 
infection is under control. Fortunately, LGI hemorrhage in renal 
transplant recipients is rare, but it underscores the fact that there 
is a price to pay with nonspecific immunosuppression. Although 
cyclosporine therapy has permitted a more rapid reduction of the 
dosage of steroids in transplant recipients, even more specific 
immunosuppressive agents and other immunosuppressive strate- 
gies will be developed to achieve allogeneic unresponsiveness while 
allowing the host’s immunity to infection to remain intact. 
RoBERT J. Corry, MD 
Iowa City 
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A Multicenter Study of Anticoagulation Parameters When Using Heparin and Warfarin 
Mark J. Alberts, MD; E. Wayne Massey, MD} Deborah Dawson, PhD 
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Anticoagulation with heparin and warfarin is used in the treatment of several diseases including 
cerebrovascular disease. While the most effective therapeutic range of anticoagulation is unclear, some 
investigators have found an increased risk of bleeding complications with more intense anticoagulation. Recent 
studies have suggested that lower levels of anticoagulation may be as efficacious as high levels but with a 


reduced incidence of bleeding complications. In order to better assess the anticoagulation parameters used by 
neurologists and house officers, we performed a questionnaire survey at six major medical centers. Responses 
were obtained from 30 attending neurologists and 52 house officers. Attending physicians and house officers 
selected mean partial thromboplastin times of 57.7 s and 63.3 s, respectively. The mean prothrombin time (PT) 
was 21.0 s for attending neurologists and 19.4 s for house officers. The average PT ratio was 1.82 for attending 
neurologists and 1.69 for house officers. Forty percent of attending neurologists and 17.7% of house officers 
specified PT ratios of 2.0 or greater. These results indicate that many physicians may be using warfarin in 
dosages above recommended guidelines (Arch Neurol 1987;44:1229-1231). 


Reprint requests to Division of Neurology, Department of Medicine, Duke University Medical Center, Durham, NC 27710 
(Dr Massey). 
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+ Hand Infections 


Bacteriology and Treatment: A Prospective Study 


E. Patchen Dellinger, MD; Margaret J. Wertz, RN, MN; Stephen D. Miller, MD; Marie B. Coyle, PhD 


è in a prospective, double-blind study, 193 patients hospi- 
talized for established hand infections were randomized to 
receive either cefamandole intravenously followed by cepha- 
lexin by mouth or methicillin intravenously followed by diclox- 
acillin by mouth. Careful aerobic and anaerobic cultures were 
performed. Multiple organisms grew in cultures from 8496 of 
the patients (over three isolates per infection on average). 
Human bite wounds contained anaerobes 4396 of the time 
| compared with 12% for other wounds. The majority of wounds 
(72%) required operative treatment. In 128 patients assessable 
for treatment outcome, results were unsatisfactory in 11 (9%). 
There was no difference in outcome between cefamandole 
(6/59, 10%) and methicillin (5/59, 8%). The presence of anaer- 
obes, Eikenella corrodens, human bites, or an increasing 
number of organisms was associated with an unsatisfactory 
response. The presence of Staphylococcus aureus and/or 
B-hemolytic streptococci was associated with a favorable 
response. The incidence of antibiotic-resistant isolates did 
not correlate with outcome. 

(Arch Surg 1988;123:745-750) 


ly): surgical advances and newer antibioties, hand 
infections continue to present a serious problem with 
immediate morbidity and potential long-term disability. 
The contaminated hand injury is often not recognized as 
potentially serious, resulting in a delay in adequate treat- 
ment.'^ Delays and inadequate management can result in 
significant complication rates as high as 50%.*° A ran- 
domized, prospective, double-blind study of 193 hand infec- 
tions requiring hospitalization and parenteral antibiotics at 
Harborview Medical Center, Seattle, is reported. The 
purpose of this study was to examine the bacteriology of 
hand infections and compare the efficacy of methicillin and 


Accepted for publication May 20, 1987. 

From the Departments of Surgery (Dr Dellinger and Ms Wertz), Ortho- 
paedies (Dr Miller) and Laboratory Medicine (Dr Coyle), University of 
Washington School of Medicine, Harborview Medical Center, Seattle. Dr 
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cefamandole with respect to bacteriology. 

A significant number of hand infections are secondary to 
wounds inflieted by human teeth. This most commonly 
presents as a clenched fist injury. The literature on hand 
infections, including those caused by human bites, suggests 
that the overwhelming majority of these infections are 
caused by Staphylococcus aureus.*** No single organism 
has been found to be associated with serious complications. 
Recently, authors have emphasized the association of other 
organisms with serious complications and suggested that 
the appropriate management of hand infections should 
include anaerobic, aerobic, and carbon dioxide cultures to 
detect likely pathogens.*'^" 

Recommendations in the current literature for the choice 
of antibioties in the treatment of hand infections stress the 
use of a penicillinase-resistant penicillin or of a cephalo- 
sporin antibiotic.***"™ There are few trials comparing the 
efficacy of these two drug classes in the treatment of hand 
infections or relating them to bacteriology.^ The actual 
importance of coverage for anaerobic bacteria or for aerobic 
gram-negative bacteria is not known. 

In an effort to more clearly direct the selection of 
antibioties in the treatment of hand infections, we orga- 
nized a prospective, double-blind, randomized study of 
established hand infections at Harborview Medical Center. 


PATIENTS AND METHODS 
Patients 


From Nov 1978, to May 1982, 193 patients with hand infections 
admitted to Harborview Medical Center were entered into the 
study. Informed consent was obtained. Criteria of inclusion in- 
cluded an established hand infection requiring admission for 
parenteral antibiotic therapy and/or surgical débridement. 

Patients were excluded from the study for any of the following 
reasons: (1) allergy to penicillin or cephalosporin antibioties; (2) 
presence of a concomitant infection that, in the judgment of the 
attending physician, would require the use of additional antibiot- 
ies; (3) pregnancy; (4) age less than 16 years; (5) serum creatinine 
level greater than 220 pmol/L (2.5 mg/dL); and (6) inability to give 
informed consent. Use of antibioties prior to hospital admission 
and study entry did not exclude patients. 
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Antibiotics 


At hospital admission, patients were randomly assigned to 
either the methicillin or cefamandole group, and antibiotic admin- 
istration was begun in the emergency room. The patient, the 
treating physician, and the investigator did not know which drug 
an individual patient was receiving. The adult dosage was 2 g 
intravenously or intramuscularly every four hours. Parenteral 
antibiotic therapy was continued for a minimum of 48 hours. 

At the end of 48 hours, the Orthopaedic Service made a clinical 
judgment as to whether the patient could be discharged receiving 
oral antibiotics or whether the patient required further parenteral 
antibiotic therapy. Patients who required additional parenteral 
antibioties continued receiving the original drug until it was the 
clinical judgment of the Orthopaedic Service that the drug 
eould be switched to the oral route. Patients who were initially 
given methicillin parenterally received dicloxacillin, 500 mg by 
mouth four times a day. Patients who were initially given cefaman- 
dole parenterally received cephalexin, 500 mg by mouth four times 
a day. Patients ready for transfer to oral antibiotic therapy and 
discharge from the hospital were given oral drugs in capsules 
containing 500 mg of the study antibiotic. The appearance of the 
capsules was identical for both drugs. Treatment with oral drugs 
was continued for five days. 

Infections were documented according to the cause or mecha- 
nism of inoculation. Temperature and white blood cell (WBC) 
count were measured for all patients in the emergency room. 
Some patients were taken to the operating room on admission for 
surgical débridement; some were treated in the emergency room 
by incision and drainage, débridement, or suture removal; and 
others were treated with parenteral antibiotics alone according to 
the diseretion of the attending surgeon. If the response to anti- 
biotic therapy was inadequate, the patient was then taken to the 
operating room for débridement. 


Bacteriology 


Before any antibiotics were given, initial cultures were taken in 
the emergency room by swabbing any open wounds or collecting 
draining fluid from the infections. Cultures were obtained with an 
anaerobie specimen collector (Vacutainer, Becton-Dickinson, 
Rutherford, NJ). Skin surrounding the wound was prepared with a 
suitable antiseptic before the culture was obtained, and every 
effort was made to obtain the culture from deep in the wound. The 
gassed-out anaerobic tubes containing the swabs were then trans- 
ported immediately to the microbiology laboratory, which proc- 
essed them as priority culture specimens. 

Tissue biopsy specimens were taken from the infected hands in 
the operating room whenever possible, as were any samples of fluid 
or pus in the infeeted hands; these were cultured for aerobic and 
anaerobic pathogens. Fluid was collected with a needle and 
syringe. Air was expelled from the syringe and the needle embed- 
ded in a stopper to reduce air exposure. Small bits of tissue were 
transported in the anaerobic specimen collector, as previously 
described, to ensure anaerobiosis. Pieces of tissue larger than 
7 mm in diameter that did not fit into the anaerobic specimen 
collector were promptly transported in a sterile cup to the micro- 
biology laboratory. Bacteria isolated from the wounds were tested 
for susceptibility to cefamandole and methicillin by the disk 
diffusion method. 
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13 (72) 2 (11) 


No. of Organisms 








Number of organisms isolated per hand infection according to 
origin of infection. 


Resolution of infection was considered a success. Treatment of 
patients whose infections failed to resolve with a single operative 
procedure and single course of antibiotics was considered a failure. 
If resolution of infection did not occur despite an adequate surgical 
débridement, the cultured organisms were evaluated for suscepti- 
bility to study drugs. If resistant organisms were thought to be 
causing infection, the protocol was broken, and treatment with an 
appropriate antibiotic was initiated. 


RESULTS 


A total of 193 patients were entered into the study. The 
mean + SD age of patients was 36 + 13 years (range, 16 to 79 
years). One hundred seventy-two infections were found in 
men and 21 in women. Our population included 113 white, 
30 black, 34 Native American, 12 Hispanic, and four Asian 
patients. Of the total number of infections, 102 (5396) were 
in known alcoholies and 17 (896) were in patients with drug- 
dependency problems other than alcoholism. Infections 
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Table 2.—lsolation of Staphylococcus aureus and B-Hemolytic Streptococci From Hand Infections 


All Patients, Human Bites, Animal Bites, Lacerations, Unknown, 
No. (%) No. (%) No. (%) 
(n=4) (n=37) (n= 18) 


Staphylococcus aureus 20 (12) 4 (11) 3 (17) 8 (15) 
B-Hemolytic streptococci 40 (23) 11 (30) 5 (28) 7 (13) 
Both 74 (43) 19 (51) 8 (44) 24 (46) 
Neither 30 (17) 15 (24) 1 (3) 0 (0) 11 (21) 
No growth 8 (5) 2 (3) 2 (5) 2 (11) 2 (4) 


Table 3.—Organisms Recovered From All Categories of Hand Wounds 


No. (?6) of Patients 








i Human Bites Animal Bites All Others 
a Organism | (n=61) (n=4) (n= 107) 
Aerobes* 
B-Hemolytic streptococci 114 (70) 39 (66) 1 (25) 74 (75) 
Staphylococcus aureus 94 (57) 27 (46) 1 (25) 66 (65) 
Non-8-hemolytic streptococci 37 (23) 29 (49) Ai 8 (8) 
Gram-positive rodst 26 (16) 12 (20) Ev 14 (14) 
Gram-negative rodst 18 (11) 14 (24) 4 (4) 


Corynebacterium speciesS 13 (8) 5 (8) 8 (8) 


Eikenella corrodens 15 (9) 15 (25) T : 
Neisseria species 10 (6) 9 (15) Us 1 (1) 


Enterobacteriaceae 8 (5) 2 (3) Laud 6 (6) 
Gram-positive cocci 6 (4) 5 (8) TT 1 (1) 
Enterococci 4 (2) 1 (2) — 3 (3) 


Pasteurella multocida 3 (2) TP 3 (75) Ll. 
de Pseudomonas species 3 (2) 2 (3) uw 1 (1) 


Anaerobes 
Gram-negative rods 15 (9) 14 (24) A 3 41) 
Non-spore-forming gram-positive rods 16 (10) 13 (22) Poe 3 (3) 
Bacteroides melaninogenicus 14 (9) 14 (24) a LR 
Bacteroides species (not Bacteroides fragilis group)|| 8 (5) 7 (12) 1 (25) e. 
Gram-negative cocci 9 (5) 8 (14) 4 1 (1) 
Gram-positive cocci 6 (4) 4 (7) 


"T. 2 (2) 
Clostridium species 6 (4) 1 (2) io 5 (5) 
No growth 8 2 0 6 


*Aerobes refers to all organisms capable of growth in air, including facultative anaerobes. 

TGram-positive rods includes 22 diphtheroid and three Bacillus species. 

Gram-negative rods includes isolates from the genera Haemophilus, Acinetobacter, Moraxella, and Alcaligenes. 
SCorynebacterium species includes ten Corynebacterium diphtheriae cultures. 

|No members of the B fragilis group were isolated. 


were classified according to the mechanism of injury. Sixty- 
seven infections resulted from human bites (most were 


Table 4.—Duration of Intravenous Antibiotic Therapy 





clenched fist injuries); nine from animal bites; 39 from Duration of intravenous 
lacerations; 60 from puncture wounds, burns, or abrasions, Antibiotic Therapy, d 
which were classified together as *others"; and 18 had an So. Arie ook 
unknown cause. mat SO enge 
The mean + SD body temperature of patients when seen Wound type 
in the emergency room was 37.3°C + 1.7°C, with a range of sb eg 
35.6°C to 39.2°C. Twenty-four percent of patients had Animal bite 
temperatures greater than 37.8°C at presentation. The Unknown 
+ mean WBC count at presentation was 10.8 x 10/L + 4.2 x Other — 
10*/L (10.8 x 10*/mm? + 4.2 x 10*/mm*) with a range of 4.7 x m organams con red 
10°/L to 34.9 x 10*/L (4.7 x 10*/mm? to 34.9 x 10/mm»?). Forty- >5 
seven percent of patients had a WBC count greater than P. oon 
10 x 10°/L (10 x 10*/mm*) on admission. EVE, 
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Bacteriology 


Cultures were performed for 172 of the 193 infections. 
Infections without open wounds or collections of pus or 
tissue that could readily be cultured did not have specimens 
sent to the microbiology laboratory. Eight cultures had no 
growth. Of the 164 positive cultures, a single species grew 
on 26 (16%), and multiple organisms grew on 138 (84%). 
Human bite injuries had the highest incidence of poly- 
microbic flora (92% of positive cultures) (Table 1) All 
wounds with positive cultures were evaluated with respect 
to the number of isolates per wound. Human bites were the 
highest, with a mean + SD of 4.93.6 isolates per wound 
(range, two to 15 isolates per wound) (Figure). If two cul- 
tures were taken from the same site, either at the same 
time or at different times in the first day, the organisms 
from the two specimens were combined to reflect the total 
number of different isolates obtained from that site. Clearly 
different species or strains were added. Two isolations of 
the same species were counted only once. Such a combined 
result is recorded as one culture in this report. In the 
overwhelming majority of cases, the operating room spec- 
imen culture was the definitive culture. 

A total of 548 different isolates were identified on the 164 
positive cultures. Twenty-six infections had only one organ- 
ism cultured (12 group A B-hemolytic streptococci, nine 
S aureus, three coagulase-negative staphylococci, one Pas- 
teurella multocida, and one B-hemolytic streptococcus [not 
group A]). In each case, we suspected the organism to be a 
true pathogen. Staphylococcus aureus and/or B-hemolytic 
streptococci grew in 134 (78%) of all the infection cultures. 


"ge =" "UR 
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This included 44 patients (72%) with human bite infections 
and 90 patients (8196) with infections from all other causes 
(Table 2). The most common isolates in human bite wounds, 
animal bite wounds, and other categories are shown in 
Table 3. Aerobic and facultative gram-negative rods were 
found in 25% of human bite wounds, none of the animal bite 
wounds, and 9% of all other wounds. Anaerobic bacteria 
were recovered from 26 (4396) of the human bite wounds and 
from 13 (12%) of the other infected wounds. 


Treatment 


After entry into the study, wounds were treated in 
different ways according to the discretion of the attending 
staff. Fifty-four (2896) required a débridement in the oper- 
ating room, while 89 (46%) were treated with a procedure 
only in the emergency room, and 50 (26%) had neither. The 
proportion of human bite wounds that were operated on in 
the operating room (29/67, 4396) was higher than for animal 
bites (2/9, 22%) or all other wounds (23/117, 20%). Twenty- 
five human bite wounds (3796) were drained or débrided in 
the emergency room compared with one animal bite (11%) 
and 63 (54%) of the other wounds. Thirteen human bite 
wound infections (19%) were treated with antibiotics alone 
without an operative procedure compared with six animal 
bites (67%) and 31 (26%) of the other wounds. The duration 
of administration of intravenous antibiotics ranged from 
two to 18 days with a mean+SD of 4+2.4 days. The actual 
duration of intravenous therapy was dictated by the clinical 
judgment of the attending orthopaedic staff. Patients were 
only switched to oral therapy when the clinical response 


Table 5.—Outcome of Assessable Patients 


Total 
No. of 
Patients Drug 


Cefamandole 


Wound Type 


Human bite 5 P 
Methicillin 


Patients With 
No. of Satisfactory 
Patients Outcome, No. (%) 


23 19 (83) | 


Overall Success 
Rate, % 


32 (89) 


' Cefamandole 4 (80) 
Animal bite —————————— 
Methicillin 4 (100) 


3 
Cefamandole 33 32 (97) 
Other L aalas 9 
Methicillin 2 22 (96) 
9 (100) 


ee 


Cefamandole 
Unknown 
Methicillin 


5 
1 
Cefamandole 
Total 177 
Methicillin 


Methicillin 
Unsatisfactory Risk 
Outcome, Absent, 
Risk Risk Present, No. (%) of No. of 
Factors No. of Patients Patients Patients 
Anaerobes 22 5 (23) 54 
Eikenella corrodens 10 4 (40) 66 
Human bite 34 4 (12) 42 
Staphylococcus and/or 
streptococcus 61 4 (7) 15 
Resistant 
bacteria 32 4 (13) 44 





8 (100) 
83 (93) | 


9 86 
6 
5 
9 X | 89 
4 
Cefamandole 19 19 (100) 
Laceration 36 SS UC ME ACEEPEEEE CENE E QEEN CTUM" c 100 
Methicillin 17 17 (100) 
: : | : 
3 
9 
7 — | 100 
8 
89 
94 


88 83 (94) 


Table 6.—Risk Factors for Unsatisfactory Response 





Cefamandole 
Unsatisfactory Risk Unsatisfactory Risk Unsatisfactory 

Outcome, Present, Outcome, Absent, Outcome, 
No. (%) of No. of No. (%) of No. of No. (%) of 
Patients Patients Patients Patients Patients 

0 (0) 14 3 (21) 60 1 (2) 

1 (15) 4 0 (0) 70 6 (9) 

1 (2) 18 4 (22) 54 2 (4) 

1 (7) 62 2 (3) 12 4 (33) 

1 (2) 7 1 (14) 67 5 (7) 


*For combined groups, incidence of unsatisfactory outcome when risk factor is present vs absent. 
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was judged satisfactory. The average number of days varied 
widely among the different categories, with human bites 
requiring the longest mean duration of therapy. Table 4 
shows the mean days of intravenous administration for each 
wound category. Wound categories with the greatest num- 
ber of isolates tended to require more days of antibiotic 
administration. Four patients received less than two days of 
intravenous antibiotic therapy through protocol error. Two 
patients were in each treatment group, and all four had 
satisfaetory outcomes. 

Of all patients admitted to the study, 16 were unavailable 
for follow-up, and their results are not included in the 
following data with reference to treatment response. Of the 
unassessable patients, five discharged themselves against 
medical advice and apparently did well. Two patients left 
the hospital against medical advice, reinjured their hands, 
and did poorly Six were eliminated because of major 
antibiotie protocol errors. The last three unassessable pa- 
" tients included one escaped prisoner for whom we have no 
follow-up data, one patient who had a venous access prob- 
lem and had study drugs stopped, and one patient who was 
transferred to another hospital before treatment was com- 
pleted. In the 177 remaining patients, response to treat- 
ment was satisfactory in 166 and unsatisfactory in 11. 

Suecesses are compared on the basis of wound category 
and intravenous study drug used. When all patients were 
grouped together, there was no significant difference be- 
tween the cefamandole- and methicillin-treated groups in 
the proportion of satisfactory and unsatisfactory results. 
Ninety-three percent of infections treated with cefaman- 
dole had a satisfactory response, and 9496 of infections 
treated with methicillin had a satisfactory outcome (Table 
5). 

Resistant organisms were not always associated with 
failures, and, in fact, many resistant organisms were identi- 
fied in wounds that were successfully treated with one of the 
study antibiotics. Three percent of all isolates found in 5% of 
all patients were resistant to cefamandole. Twenty-five 
percent of all isolates found in 30% of all patients were 
resistant to methicillin. The incidence of failure or unsuc- 
cessful outcome did not relate to the incidence of resistance 
in each group (Table 6). 

In an effort to identify determinants of an unsatisfactory 
response, many factors were compared and evaluated. The 
presence of either anaerobes or Eikenella corrodens or 
both was significantly associated with a poor result (Table 
6). Human bite wounds and increasing number of organisms 
(P<.02) were also associated with a poor result. Wounds 
with S aureus or B-hemolytic streptococci had a good result 
more often than wounds with neither (P<.03). When the 
patients and risk factors from Table 6 were examined 
separately in the two treatment groups, there were no 


Combined Groups 


Risk Unsatisfactory Risk Unsatisfactory 
Present, Outcome, Absent, Outcome, 
No. of No. (%) of No. of No. (%) of 
Patients Patients Patients Patients P* 
36 8 (22) 114 3 (3) «.005 
14 4 (29) 136 7 (5) <.01 
52 8 (15) 98 3 (3) <.01 
123 6 (5) 27 5 (19) «.03 
39 5 (13) 111 6 (4) >.20 
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significant differences between groups in relation to the 
individual risk factors. When E corrodens was present 
there were more failures with methicillin than with cefa- 
mandole. However, the small numbers of patients with this 
organism who fell into the cefamandole group precluded 
showing statistical significance (P>.20). 


Failures 


Review of the failures shows that eight of 11 infections 
with an unsatisfactory response to treatment were caused 
by clenched fist injury, one by a cat bite, and in two the 
cause was unknown. Six of the failures were treated with 
cefamandole and five with methicillin. In an effort to 
determine the reason for failure, the medical records of each 
failure were carefully reviewed, and we suggest the follow- 
ing possible explanations: Two of the patients had orga- 
nisms sensitive to the study drug and showed excellent 
improvement while receiving parenteral antibiotics. Their 
conditions deteriorated as outpatients receiving oral medi- 
cation. Six patients (55% of failures) required more than one 
surgical procedure despite the fact that the study drug was 
appropriate for all isolates cultured. We believe that re- 
peated surgical procedure implies an inadequate primary 
débridement. Six of these patients had their primary 
débridement in the operating room and three in the emer- 
gency room. Three failures had isolates cultured that were 
not sensitive to the study drugs. Two were receiving 
methicillin and one was receiving cefamandole. These 
wounds improved after a change in drug therapy. 


COMMENT 


The essential principles for the management of hand 
infections have been well established by numerous au- 
thors.*'** The most important steps include early recogni- 
tion and prompt initiation of treatment. In most cases 
treatment should include surgical incision, drainage, and 
débridement. Adjunctive antibiotics have proved invaluable 
and can dramatically decrease morbidity and shorten the 
recovery phase of treatment. Initial selection of antibiotics 
should be empirically based on a Gram's stain and/or 
suspected organism and subsequently should be altered to 
conform to the results of culture and sensitivity tests. 

During a 43-month period, 193 separate hand infections 
were presented for treatment at Harborview Medical Cen- 
ter. Sixty-one percent of infections were in patients suffer- 
ing from drug and/or alcohol abuse. Most patients pre- 
sented to the hospital at a time when infection was well 
established. Treatment was initiated with parenteral meth- 
icillin, a penicillinase-resistant penicillin, or cefamandole, 
a second-generation cephalosporin. When the initial re- 
sponse to intravenous antibioties was judged satisfactory, 
the patient was switched to an oral antibiotic; on average, 
four days later. Methicillin was followed by dicloxacillin, an 
oral semisynthetic penicillin with a similar spectrum of 
activity Since no second-generation oral cephalosporins 
were available, cefamandole therapy was followed by 
cephalexin therapy, an oral first-generation cephalosporin. 

On admission to the emergency room, average body 
temperature and mean WBC count were evaluated in all 
patients. Neither the severity of infection nor the response 
to treatment was related in any way to the initial tempera- 
ture or WBC count. Indeed, the temperature was normal in 
over three fourths and the WBC count was normal in over 
half of all patients requiring hospitalization and parenteral 
antibioties for treatment of hand infection. Certainly this 
indicates that these clinical measurements in patients with 
hand infections should be kept in perspective, and the 
clinieian should give the greatest attention to the wound 
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itself. These data are consistent with data on temperature 
and WBC count reported elsewhere.” 

The high incidence of wounds with polymicrobic flora 
indicates a number of contaminants in many wounds, but in 
most wounds more than one significant pathogen was 
present. In fact, for patients who underwent drainage 
or débridement in the operating room, the definitive 
operating room culture usually had the greatest number 
of organisms recovered. Staphylococcus aureus and/or 
B-hemolytic streptococci were the most common organisms 
identified overall. It is interesting to note that infections 
that included S aureus and/or B-hemolytic streptococci 
responded better than wounds without these traditional 
pathogens. It may be that these organisms were able to 
invade without prior extensive tissue damage or deep 
inoculation. Species possessing fewer intrinsic invasive 
abilities, on the other hand, might become established only 
in wounds with more extensive local damage and therefore 
tend to have a less favorable local circumstance for the 
resolution of infection. Antibiotic treatment might thus 
have a more predictably favorable result with staphylococ- 
cal and streptococcal infections. 

Among the infections caused by human bites, a poly- 
microbic flora including anaerobes (41% of patients), E 
corrodens (25% of patients), and gram-negative facultative 
and aerobic species (25% of patients) is important. It is 
unlikely that any of these species represent contaminants. 
Viridans streptococci were identified in 29 (48%) of 61 
patients and were considered to be an incidental con- 
taminating mouth organism in most cases. These data are 
similar to those reported by Goldstein and colleagues” in 34 
patients with infected and uninfected human bite wounds. 
However, all patients in the current series had established 
infections at the time a culture was obtained. 

In general, wound categories with the greatest number of 


isolates cultured required more days of antibiotic adminis- 
tration. Human bites led all groups and required the longest 
mean duration of antibiotics to clear the infection. It is 
interesting to note that resistant organisms were not al- 
ways associated with failures. Although unsatisfactory 
response was slightly more frequent when resistant bacte- 
ria were isolated (13%) than when they were not (5%), this 
did not achieve statistical significance (P>.20). It appears 
that in most cases the resistant organisms were success- 
fully treated with the study antibiotics. This finding may be 
due to a high level of antibiotic in the wound being sufficient 
to eradicate even some resistant isolates. However, these 
findings also support the principle that the surgical proce- 
dure is key to controlling most hand infections. Unsatisfac- 
tory response was statistically more likely if anaerobes or 
E corrodens were recovered, if neither S aureus nor 
B-hemolytic streptococci were recovered, or if the original 
injury was caused by a human bite. 


When all groups were compared with respect to success * 


and failure, there was no significant difference between the 
cefamandole- and methicillin-treated groups in the propor- 
tion of satisfactory and unsatisfactory results. It appears 
that either antibiotic is a good initial choice for the treat- 
ment of hand infections. Despite these good results and in 
light of the trends observed, it might be advisable to adjust 
the empiric choice of antibiotics for human bite wounds 
based on a greater understanding of the spectrum of 
microbial flora. For infections not due to human bites, a 
penicillinase-resistant penicillin, such as methicillin, is an 
appropriate antibiotic choice. For human bite infections, 
however, the addition of penicillin G or the substitution of a 
second-generation cephalosporin to cover E corrodens and 
oral anaerobes may be advisable. 


This study was supported by a grant from Eli Lilly Co, Indianapolis. 


References 


1. Malinkowski R, Strate R, Perry J, et al: The management of human bite 
injuries of the hand. J Trauma 1979;19:655-658. 

2. Chuinard R, D'Ambrosia R: Human bite infections of the hand. J Bone 
Joint Surg 1977;59:416-418. 

3. Goldstein E, Barones M, Miller T: Eikenella corrodens in hand 
infections. J Hand Surg 1983;8:563-567. 

4. Farmer C, Mann R: Human bite infections of the hand. South Med J 
1966;59:515-518. 

5. Shields C, Patzakis M, Meyers M, et al: Hand infections secondary to 
human bites. J Trauma 1975;15:235-236. 

6. Guba A, Mulliken J, Hoopes J: The selection of antibiotics for human 
bites of the hand. Plast Reconstr Surg 1975;56:538-541. 

7. Mann R, Hoffeld T, Farmer C: Human bites of the hand: Twenty years 
of experience. J Hand Surg 1977;2:97-104. 

8. Glass KD: Factors related to the resolution of treated hand infections. 
J Hand Surg 1982;7:388-394. 

9. Robson MC, Schmidt D, Heggers JP: Cefamandole therapy in hand 


infections. J Hand Surg 1983;8:560-562. 

10. Goldstein EJC, Citron DM, Wield B, et al: Bacteriology of human and 
animal bite wounds. J Clin Microbiol 1978;8:667-672. 

ll. Stromberg BV: Changing bacteriologic flora of hand infections. 
J Trauma 1985;25:530-533. 

12. Eaton R, Butsch D: Antibiotic guidelines for hand infections. Surg 
Gynecol Obstet 1970;130:119-122. 

13. Stone N, Hursch H, Humphrey C, et al: Empirical selection of 
antibiotics for hand infections. J Bone Joint Surg 1969;51:899-903. 

14. Stern PJ, Staneck JL, McDonough JJ, et al: Established hand 
infections: A controlled, prospective study. J Hand Surg 1983;8:553-559. 

15. Lewis R: Infections of the hand. Emerg Med Clin North Am 
1985;3:263-274. 

16. Kilgore E: Hand infections. J Hand Surg 1983;8:723-726. 

17. Stromberg BV: Retreatment of previously treated hand infections. 
J Trauma 1985;25:163-164. 


invited Editorial Comment 


This article contains data on a large number of hand infections. 
The authors’ conclusions are based on the results of swab cultures 
for 139 of the 193 patients. Only 54 of the patients required 
operating room débridement, and it is stated that a tissue biopsy 
culture was obtained only in these cases. Previous studies have 
suggested that tissue biopsies are more reliable than swab cultures 
in soft-tissue infections. Studies have shown that tissue biopsy 
specimens reveal a single bacterial species in over 75% of cases, 
whereas swab cultures indicate that the infection is polymicrobic in 
the majority of cases. This difference becomes important when one 
is predicting the efficacy of antimicrobial agents in treating 
infections. In a very similar study, it was reported that the 
majority of hand infections were due to a single bacterial species 
when al! cultures were done with tissue biopsy specimens.’ In that 
study, human bite wounds were the only infections that tended to 
have a polymicrobic cause. 

Other authors have shown that anaerobic infections secondary to 
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human bites of the hand respond excellently to cefamandole. One 
wonders if 48 hours of intravenous cefamandole is sufficient to clear 
these anaerobic infections in the relatively avascular areas be- 
tween the metacarpal-phalangeal joints. In Table 6, the numbers of 
patients in the cefamandole-treated anaerobic bacteria groups are 
smaller than in the methicillin-treated groups. Therefore, the 
range of error may be too large to make a proper determination. 
The most encouraging finding of this study is that hand infec- 

tions seem to respond quite well to established surgical procedures 
and antibiotic treatment. In all groups, the infections cleared in 
over 93% of the cases. Prompt diagnosis of the condition and in- 
hospital systemic antibiotic treatment appear to be justified by 
this series of cases. I would only like to make a plea for broader use 
of tissue biopsy cultures in the diagnosis and management of soft- 
tissue infections. 

Martin C. Rosson, MD 

Detroit 
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Abnormal Rabbit Heterophil Chemotaxis 
Following Thermal Injury 


An In Vivo Model of an Abnormality of the 


Chemoattractant Receptor for f-met-leu-phe 


John Mihran Davis, MD, John I. Gallin, MD 


e Previous studies have shown that the decreased neu- 
trophil migratory responsiveness seen in burned patients 
correlates with the extent of thermal injury and the extent of the 
neutrophil-specific granule deficiency. To understand better 
the relationship between the neutrophil dysfunction, degran- 
ulation, and thermal injury, a rabbit model was studied. Eigh- 
teen rabbits were burned over 20% of their surface area. Assay 
of peripheral blood heterophils disclosed decreased migra- 
tory activity compared with preburn levels and decreased 
lysozyme content vs preburn levels, but no change in the 
B-glucuronidase content. The specific binding of tritiated for- 
myl-methionyl-leucy!-phenylalanine to peripheral blood heter- 
` ophils was increased fivefold over that of control cells. These 
studies indicate that, following thermal injury, there is a 
selective decrease of specific granule contents and an in- 
crease in chemoattractant binding to the cell and also suggest 
an abnormality in chemoattractant receptor processing. The 
rabbit provides a convenient model for the study of compro- 
mised host defenses following thermal injury. 

(Arch Surg 1988;123:752-755) 


wre continues to play a major role in the morbidity and 
mortality associated with thermal injury. In a recent 
analysis of thermally injured patients treated at The New 
York Hospital Burn Center, over one half of the deaths 
occurred as a result of septic complications.’ It has been 
shown that neutrophil function is impaired following ther- 
mal injury and it is suspected that this impairment contrib- 
utes significantly to the patient’s increased susceptibility to 
bacterial infection.” Although many reports have described 
defective neutrophil function in man following thermal 
injury, this neutrophil dysfunction has not been established 
in animal models. Such a model would be useful in testing 
the effects of immunostimulatory agents, excisional ther- 
apy, and new antibiotics on the host defense. In the follow- 
ing studies we utilized a previously defined burn model to 
assess neutrophil (rabbit heterophil) physiology following 
experimental thermal injury. The animal used for this 
model, the rabbit, is particularly susceptible to Staphylo- 
coccus aureus infections.** 
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MATERIALS AND METHODS 
Test Animals 


New Zealand white rabbits weighing between 2.5 and 4.5 kg 
were used. They were provided with water and food ad libitum. 
Before thermal injury each animal was anesthetized with 1 mg of 
phenobarbital per 25 g of body weight administered intravenously; 
this infusion was stopped when the animal was adequately sedated. 
A kerosene-soaked rag measuring 20% of the animal's body surface 
area, calculated from Mech's? formula, was placed on the animal's 
back and ignited. The rag was allowed to burn completely (30 to 
45 $), which produced a uniform full-thickness injury. Following the 
burn, all animals were resuscitated with intraperitoneal adminis- 
tration of a balanced salt solution.? No other therapy such as topical 
or systemic antibiotics was given. 


Assessment of Bacterial 
Colonization of the Burn Wound 


Burn wound colonization was determined at the time of the 
chemotaxis studies by quantitative culture techniques.’ A biopsy 
specimen of the burn wound was obtained by excising an area after 
it was prepared with isopropyl alcohol. The tissue was weighed in a 
sterile Petri dish, minced with a sterile scalpel and forceps, and 
suspended in 2 mL of normal saline solution. Serial 1:10 dilutions of 
this suspension were then plated on trypticase soy agar. Burn 
wound colonization by more than 100000 organisms per gram of 
tissue corresponds to the presence of bacteria colonies on the 
plates above the fifth dilution.' 


Leukocyte Collection and Function 


Blood was drawn from the rabbits by cardiac puncture and 
anticoagulated with acid citrate-dextrose solution (from the Na- 
tional Institutes of Health Clinical Center Blood Bank). All blood 
leukocytes were isolated by Ficoll-Hypaque and dextran sedimen- 
tation as previously described.* Rabbit heterophils that were over 
95% pure were consistently obtained using this method. Control 
blood from unburned rabbits was collected in an identical fashion. 
These animals were incapable of providing more than one sample of 
blood over a four-week period. Therefore, each determination of 
migratory function was performed on cells from a different animal. 

Chemotaxis was assessed by a radioassay employing granulo- 
cytes labeled with chromium 51 and a double-filter assay system in 
quadruplicate, as previously described.’ Radiolabeled polymor- 
phonuclear leukocytes (PMNs) migrating into the lower of the two 
3-.m cellulose nitrate filters in a modified Boyden chamber were 
quantitated as corrected counts per minute in the lower filter. The 
chemotactic stimulus, Escherichia coli endotoxin-activated serum 
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(5% vol/vol), was prepared as previously described from normal 
serum." Gey's buffered saline solution was used as the stimulus 
when assessing spontaneous migration. 

For studies designed to assess the effect of burn serum on 
migratory responsiveness, cells were incubated for 30 minutes 
with buffered saline solution, normal serum, or serum from a 
burned rabbit (3596 vol/vol). The cells were washed twice in Hanks' 
medium without calcium and magnesium and then suspended in 
regular Gey’s buffered saline solution. Ce!!s were then incubated in 
chemotactic chambers using E coli endotoxin-activated normal 
rabbit serum (5% vol/vol) as the stimulus. 

For these studies of serum inhibitors and for studies assessing 
migration to formyl-methionyl-leucyl-phenylalanine (f-met-leu- 
phe), chemotaxis was quantitated by the “leading front” method 
described by Zigmond and Hirsch." 


Assessing of Binding of the Chemoattractant 
f-met-leu-phe to Heterophils 


Heterophil binding of tritiated f-met-leu-phe was determined as 
previously described.“ Rabbit heterophils were suspended at a 
concentration of 5 x 10° cells per milliliter in Hanks’ medium. Tosyl- 
L-phenyl-alanyl-chloromethane was added (0.1 mmol/L) to a 2-mL 
(10’ PMNs) suspension and then 50 nmol/L tritiated f-met-leu-phe 
containing 200000 cpm of tritium was added to the cells, as 
described recently.“ Control cells used for nonspecific binding 
contained the above compound plus 10 mmol/L nonradioactive 
peptide. The cells were then incubated on ice for one hour with 
intermittent agitation. The interaction of cells with the peptide 
was terminated by flushing 5 x 10° cells onto a glass fiber filter. The 
filters were then washed with 7 mL of ice-cold Hanks’ buffered 
saline solution. Those cells remaining on the filter were then 
counted in a liquid scintillation counter using 10 mL of an organic 
solvent as the counting solution. Nonspecific binding was less than 
30% of the total binding. Specific binding represented the differ- 
ence between total and nonspecific binding. For some studies, 
displaceable and nondisplaceable tritiated f-met-leu-phe binding 
was determined. For the latter studies the amount of radioactivity 
displaced from the cell was determined and used as a measure of 
reversible binding. The difference between the reversible binding 
and total specific binding represented the nonreversible pool of 
peptide. 


Enzyme Studies 


Lysozyme, B-glucuronidase, and lactic dehydrogenase activity 
was determined as previously described." Cell viability was 
evaluated by monitoring extracellular release of the cytoplasmic 
enzyme marker lactic dehydrogenase and by exclusion of trypan 
blue dye. 


Starvation 


Since the burned rabbits that died had sustained a significant 
weight loss, the effect of simple starvation on heterophil migration 
was studied. Three healthy adult rabbits fasted for ten days. Water 
was supplied ad libitum. After the starved animals had lost over 
20% of their original body weight (mean weight loss was 24.1%), 
they were bled for heterophil locomotory responsiveness. 


Effect of S aureus Infection 
on Heterophil Chemotaxis 


To assess nonspecific effects of infection on rabbit heterophil 
chemotaxis, the effect of a subcutaneous injection of S aureus on 
heterophil chemotaxis was evaluated in three rabbits. A 1-mL 
suspension of 10 million bacteria from an 18-hour culture was 
injected into the subcutaneous tissue of three rabbits. The animals 
were observed and weighed daily for one week. None of the rabbits 
lost weight following the bacterial infection. After seven days a 
palpable subeutaneous induration had developed that contained 
the same number of viable bacteria per gram of tissue as was seen 
in the burned animals. 


Statistics 


Student's t test was used to compare the means and SEMs. The 
means compared are the results of individual animals assayed, 
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Weight Loss, 96 


Nonsurvivors 


Fig 1.— Percent of body weight lost per day over three weeks. Bars 
represent mean * SEM obtained from four surviving and four 
nonsurviving rabbits. Asterisk indicates P less than .01; value 
represents significance of level of difference by Student's t test. 


Survivors 


unless otherwise noted. The significance level used was less 
than 5%. 


RESULTS 


Eighteen rabbits were exposed to thermal trauma; three 
died before the end of the first postburn week, presumably 
from complications of anesthesia or resuscitation. Three of 
16 rabbits survived the initial postburn period but ul- 
timately died of complications of their burn wound. The 
mean time of death was 10.7 — 2.8 days after the burn. 

The average daily weights of the animals were recorded at 
regular intervals and expressed as the percent of preburn 
weight per day. The nonsurvivors lost significantly more 
weight than the survivors ( — 2.096 2- 0.296 vs — 0.696 + 0.296 
of body weight/d; P<.01; Fig 1). Chemotaxis in the nonsur- 
vivors, however, was not statistically different from that in 
the survivors. 

More than 100 000 organisms per gram of tissue were found 
in five rabbits by biopsy and culture of the burn wound. Two 
rabbits that died in the initial postburn period had nonyield- 
ing cultures, whereas those dying in the second and third 
postburn weeks all had cultures that yielded S aureus. 

The total white blood cell counts in control rabbits 
ranged from 3.3 to 6.7x10°/L (mean, 5.2+1.0x10*/L) 
(3300 to 6700/mm* [mean, 5233 --1008/mm?]). Total white 
blood cell counts in burned rabbits ranged from 4.5 to 
15.0 x 10/L. (7.6x1.0x10*/L) (4500 to 15000/mm* [mean, 
7600 + 1033/mm*]), with the percentage of heterophils rang- 
ing from 15% to 68%. These differences were not statis- 
tically significant; however, the absolute number of hetero- 
phils in the burned rabbits was significantly greater than 
the number of heterophils in the control group (2.1+0.2 vs 
0.93 0.1x 10° cells per liter [2079 + 246 vs 903 + 100 cells per 
cubic millimeter], P<.08). 


Cell Migration 


Heterophil migration was studied 1, 2, and 3 weeks 
following thermal injury. In all rabbits studied, spon- 
taneous migration was significantly impaired compared 
with the response obtained from normal cells (P<.02; Fig 


2). 
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Fig 2.—Migratory response of heterophils. Bars indicate 
mean + SE of response obtained from eight normal rabbits and 13 
burned rabbits. Gey's medium was used on stimulant side of 
chemotactic chambers to measure spontaneous random migration 
(SRM). Escherichia coli endotoxin—activated serum was stimulus 
used to measure chemotaxis (CTX). Chemotactic chambers were 
incubated for three hours. P values represent significance of level of 
difference vs normal cells by Student's t test (asterisk, P<.02; 
dagger, P<.01). 


Chemotaxis to E coli endotoxin-activated serum was 
significantly reduced compared with preburn values 
(P<.01; Fig 2). When migratory responsiveness was as- 
sessed according to time after the burn, the greatest 
reductions in chemotaxis were seen during the second and 
third pestburn weeks (Fig 3). Migratory responsiveness to 
activated serum during the second and third postburn 
weeks in animals with more than 100000 organisms per 
gram of tissue was significantly reduced compared with the 
first postburn week (750+201 vs 1942+376 corrected 
counts per minute in the lower filter; P<.02). Chemotaxis to 
the peptide f-met-leu-phe tested after the first postburn 
week was also significantly decreased compared with pre- 
burn levels (98+ 7.9 vs 125+8.4 wm; P «.05). 


Starvation 


As a group, the starved animals were not different in their 
chemotactie responsiveness from nonfasting rabbits or 
preburn controls (2753 + 961 vs 2780 + 368 corrected counts 
per minute in the lower filter; P>.10); however, heterophils 
from one of the three starved animals demonstrated im- 
paired migration (56% of control). 


Effect of S aureus Infection 
on Heterophil Chemotaxis 


After one week, animals inoculated with a subcutaneous 
injection of S aureus were bled. Their heterophils were 
tested for migratory activity. Cells from two of the three 
animals tested showed no significant difference in chemo- 
taxis from a simultaneously run control. In one animal, 
heterophil chemotaxis was increased over cells from the 
control animal. As a group, however, the infected animals 
showed no difference from the preburn control animals 
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Time After Burn, wk 


Fig 3.— Percent of inhibition of chemotaxis of six burned rabbits in 
week 1, four burned rabbits in week 2, and two burned rabbits in 
week 3. Bars represent mean + SEM. 


(1996 + 296 vs 2780 + 368 corrected counts per minute in the 
lower filter; P>.10). 


Enzyme Studies 


We have shown that in human burn victims, the neu- 
trophil-specific granule content is less than normal and this 
correlated with the severity of impaired chemotactic re- 
sponsiveness.” To determine if a similar correlation existed 
in rabbit heterophils, the level of lysozyme, an enzyme 
found in both the specific (secondary) granules and the 
azurophil (primary) granules, was measured concurrently 
with the level of B-glucuronidase, an enzyme found exclu- 
sively in the azurophil (primary) granules. The levels of 
intracellular g-glucuronidase did not differ significantly 
from normal (99% of normal, +17%). Intracellular lysozyme 
levels, however, showed a small yet significant decrease 
following thermal injury (85% of normal, +5%; P<.02). The 
decrease in the lysozyme level but not in the 8-glucuroni- 
dase level indicates a preferential release in heterophil- 
specific granule contents following thermal injury, similar 
to what was seen in humans. 


Assessment of Serum Inhibitor 
of Heterophil Chemotaxis 


Serum from thermally injured rabbits having impaired 
migratory activity was incubated with normal rabbit het- 
erophils in an attempt to detect the presence of a cell- 
directed inhibitor of migration. No inhibitor was detected. 
The distance rabbit heterophils migrated into a 3.0-~m 
pore cellulose nitrate filter after exposure to 35% burn 
serum was slightly but not significantly increased com- 
pared with the migration of cells exposed to normal serum 
(125+6.5 um vs 105+2.9 um; P<.05). Cells not exposed to 
serum migrated 127+9.5 wm. The effects of serum inhib- 
itors on random migration were not tested in these studies. 


Binding of Tritiated f-met-leu-phe to 
Thermally Injured Rabbit Heterophils 


Chemotactic factor binding to peripheral blood hetero- 
phils, drawn from animals at a time when chemotaxis was 
impaired (after the first postburn week), was tested (Ta- 
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ble). There was more than a fivefold increase in the binding 
of f-met-leu-phe to burned rabbits’ heterophils compared 
with cells from control animals. Too few heterophils could 
be obtained from individual rabbits to perform a Scatchard 
analysis to assess if the increased f-met-leu-phe binding 
reflected apparent increases in the number of receptors or 
altered binding affinity. However, the ability of nonradioac- 
tive f-met-leu-phe to displace tritiated f-met-leu-phe bind- 
ing indicated no significant difference in the relative 
amounts of displaceable and nondisplaceable binding in the 
two groups of animals (the displaceable component of total 
specific tritiated f-met-leu-phe binding was 57% for control 
rabbits and 70% for burned rabbits, P>.10). Thus, the 
increased f-met-leu-phe binding in thermally injured rab- 
bits was due to comparable increases in both the specific 
displaceable and nondisplaceable binding. 


COMMENT 


These studies indicate that there is an impairment of host 
defenses in an experimental animal model following ther- 
mal injury. These compromised defenses include decreased 
heterophil migratory responsiveness and a lowered ly- 
sozyme content of peripheral blood heterophils. Similar 
changes have been seen in neutrophils obtained from human 
burn victims.” These functional changes occurred two to 
three weeks following injury, which is similar to the timing 
of the neutrophil defect in human patients. 

Recently, there has been considerable interest in the 
mechanism of impaired chemotactic responsiveness in vari- 
ous clinical settings.” The mechanism for the acquired 
defect of chemotaxis in thermal injury is not known. Ther- 
mally injured rabbits showed acute weight loss. Therefore, 
studies were designed to assess the effect of starvation on 
heterophil chemotaxis. Heterophil migratory responsive- 
ness was decreased in only one of three rabbits with an 
acute weight loss (over 20% of the body weight), which 
suggests that the weight loss seen following thermal injury 
does not have a direct effect on heterophil function. The 
burned rabbits had subcutaneous S awreus wound infec- 
tions. Studies were performed to determine the effect of 
rabbit heterophils. Heterophil chemotaxis was not im- 
paired following experimental infections; thus, bacterial 
infection alone cannot explain this impaired heterophil 
function following thermal injury. Burned animals, how- 





Effect of Thermal Injury on Tritiated f-met-leu-phe 
Binding to Rabbit Heterophils* 


Specific 
Tritiated f-met-leu-phe 
Binding, cpm/5 x 10* 
PMNs 


Control (n = 4) 275-75 
Thermally Injured (n= 7) 1433 + 233 
*The animals were studied during the third week after burn. Tritiated f-met- 
leu-phe indicates tritiated formyl-methionyl-leucyl-phenylalanine; PMNs, 


polymorphonuclear leukocytes. Values are the mean- SEM of specific 
binding (see "Materials and Methods"). P<.01 by Student's t test. 


ever, with colonized wounds (more than 100 000 bacteria per 
gram of tissue) had significantly lower chemotaxis than 
those animals with noncolonized wounds. 

In vitro studies in normal human neutrophils have sug- 
gested that a decrease (down regulation) of specific chemo- 
attractant receptor availability might be a basis for some 
disorders of chemotaxis."? However, the chemotactic de- 
fect seen following thermal injury is not preferential for a 
specifie chemoattractant and appears to affect both stimuli 
used in these studies, which have different receptors on the 
cell surface. Furthermore, the increase in f-met-leu-phe 
binding in heterophils obtained from thermally injured 
rabbits implies that the acquired heterophil defect is not 
due to decreased availability of chemoattractant receptors. 
Total specific binding represents increases in both the 
specific reversible and nonreversible components of bind- 
ing. This is similar to the data obtained in human neu- 
trophils deactivated to a variety of chemoattractants with 
high concentrations of chemotactic stimuli.“ Increases in 
f-met-leu-phe binding are also seen in human neutrophils 
following limited specific granule discharge in vitro.” This 
may relate to the increased f-met-leu-phe binding in the 
thermally injured rabbits. The availability of the rabbit 
model of thermal injury provides a convenient model for 
delineation of these possibilities. In addition, the rabbit 
provides a valuable model for future assessment of thera- 
peutic approaches in the compromised host. 


We thank Paul G. Quie, MD, for bringing the rabbit model of thermal 
injury to our attention. 
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Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
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CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO 'PRIMAXIN' OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

Severe cases, management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

ak as dai Isolation of the patient may be advisable. Other causes of colitis should also 
considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses shauld be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m2 should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
Seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
lo the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
efiects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 


Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 





or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—lt is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Satety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
Salivation; CVNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
lao- tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
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Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported v clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic— 
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NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 


and single-dose ADD-Vantage"* vials containing imipenem anhydrous and Cilastatin sodium 
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“Balloon Dilatation 


of Anastomotie Strictures 


Pat W. Whitworth, MD; Ronald L. Richardson, MD; Gerald M. Larson, MD 


e Our experience with balloon dilatation of postoperative 
anastomotic strictures is reported herein. Six patients with 
strictures not responsive or accessible to standard bougie 
techniques were selected for balloon dilatation. A guidewire 
was passed through the stricture with an endoscope (four 
patients) or with fluoroscopic guidance alone (two patients). 
Balloon catheters were then advanced over the guidewire and 
distended with a water-contrast mixture. Sufficient pressure 
was applied to efface the stricture indentation of the balloon. 
Since August 1984, we have performed 12 dilatations in these 
six patients. We dilated four strictures to 20 mm and two 
strictures to 15 mm. With the exception of stenosis due to 
edema caused by cancer or radiation, balloon dilatation is an 
effective treatment of tight upper gastrointestinal tract stric- 
tures that have not responded to standard dilatation tech- 
niques. 

(Arch Surg 1988;123:759-762) 


pros dilatation is a relatively new treatment for 
gastrointestinal strictures. With this technique the 
inflated balloon applies a direct radial force to the stricture 
that may be safer and more effective than the axial, 
potentially tearing, longitudinal force exerted by standard 
bougie methods.' Several reports have described the effec- 
tiveness of balloon dilatation for a variety of gastrointestinal 
tract strictures is the esophagus, pylorus, stomach, biliary 
tree, and rectum.’” 

For most strictures, we use conventional methods of 
dilatation—bougienage and occasionally the Eder-Puestow 
technique—and these methods are usually successful. We 
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have, however, encountered some patients with post- 
operative strictures in whom standard dilatation was not 
effective or was not possible. Since 1984, we have found 
balloon catheter dilatation to be an effective alternative 
form of treatment in these cases. The purpose of this report 
is to describe our experience with balloon dilatation of 
anastomotic strictures in the surgical patient and to assess 
the long-term outcome of this treatment. 


PATIENTS AND METHODS 


We performed balloon catheter dilatation in six patients with 
strictures not responsive or accessible to standard bougie tech- 
niques. One patient with scleroderma involving the esophagus had 
a tight and long esophageal stricture, secondary to reflux 
esophagitis, that was progressive. It was no longer possible to pass 
standard bougies through this stricture. One patient had a tight 
anastomotic stricture of an esophagojejunostomy following gas- 
trectomy for Zollinger-Ellison syndrome; this stricture would not 
accommodate a bougie. Two patients had a jejunal interposition 
between the pharynx and upper portion of the esophagus after a 
resection of the pharynx and cervical esophagus for treatment of 
pharyngeal cancer. In one patient, the stenosis occurred at the 
distal anastomosis. Because of the mobile nature of the jejunal 
graft and the tight stricture, standard bougienage was unsuc- 
cessful, and placement of the spring-tipped Eder-Puestow guide- 
wire was difficult. The other patient had stenosis and edema due to 
recurrent cancer at the proximal anastomosis. Endoscopic place- 
ment of the balloon catheter guidewire was readily performed in 
both patients, and the strictures were easily dilated with the 
balloon catheter. In the fifth patient, an anastomotic stricture 
developed after a gastric bypass procedure. The stoma resulting 
from gastroenterostomy was very stenotic and was located at the 
side of the gastric pouch, which made it inaccessible to the 
standard, straight bougies. However, placement of the balloon 
catheter guidewire with the aid of the endoscope was readily 
performed. Finally, there was one patient with a stenotic esoph- 
agojejunostomy anastomosis following a gastrectomy for gastric 
eancer. The stricture became apparent in a matter of weeks 
following the procedure, and it was considered unsafe to perform 
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standard bougienage. Five of the six patients had an initial 
stricture diameter of 5 mm or less. 

We performed all dilatations under fluoroscopic control. First, 
a flexible-tipped guidewire was passed through the stricture via ^ 
an endoscope (four patients) or with fluoroscopy alone (two patients) | 
The balloon catheter was then advanced over the guidewire and 
the balloon positioned so that its midportion engaged the stricture. 
The equipment used is depicted in Fig 1. Position was confirmed 
50-mL when a waistcoat effect was produced by partial filling of the 
Deflation balloon with a water-contrast mixture (Fig 2). Pressure sufficient 
Syringe to efface the stricture indentation was applied for approximately 
60 s. A notable safety feature ofthe catheters used (Rigiflex, Micro- 
vasive Inc, Milford, Mass) is their fixed maximum outside diame- 
ter. Therefore, the balloon ruptures rather than distends further if 
excess pressure is applied. Strictures were dilated stepwise begin- 
ning with 8-mm balloons and ending with 15- or 20-mm balloons. 
The end point of dilatation was determined by patient discomfort, 
filling pressure greater than 90 psi, or judgment on the part of the 
surgeon, taking into account the type of stricture and tissue» 
involved, ease of dilatation, and any other individual factors. 
Fig 1.—Schematic drawing of balloon catheter system (Rigiflex Repeated dilatation was performed as necessary for return of 
Monitor 5150, Microvasive Inc, Milford, Mass). symptoms. 


20- or 30-mL 
Inflation Syringe 


Stopcock 


Rigiflex TTS 





Fig 2.—Left, Anastomotic stricture in esophagojejunostomy following gastric bypass for morbid obesity. Arrow indicates 
tight stenosis between gastric pouch and Roux-Y limb of jejunum. Note pouch distention with air-fluid level. Right, Balloon 
has been passed through stricture and is partially distended with contrast solution. Arrow indicates waistcoat effect of 
stricture. This stricture required three repeated dilatations at monthly intervals before patient became and remained 
asymptomatic; she has done well for 26 months since then. 
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Repeated Interval Between 
Dilatation Dilatation, 
(No. of Times) mo 
1 


Size of 
Balloon, mm 


15 


Therapeutic 


Success Follow-up, mo 


11 





5 5 20 20 Yes Yes (3) 2,3, 4 22 


6 3 6 15 Yes Yes (1) 8 25 
*Relief for only five hours. Stenosis in this patient was due to edema associated with recurrent carcinoma. 
TPatient died. | 
Table 2.—Summary of Reported Series of Endoscopic Balloon Dilatations* 
No. of 
Stricture No. of Therapeutic No. of 
Source, y Site Patients Successes Dilatations Follow-up, mo Complications 
Present series UGI A 6 5 12 5-19 None 
Graham and Smith,' 1985 E 22 A 42 Es None 


-i | a | O | O 
—-[2|o|o 
mi-|inmjiojco 


no 
ho 





London et al,? 1981 E ey one 


Total | dcs 41 17/49 (89%) 68 fan 


*UGI A indicates upper gastrointestinal tract anastomosis; E, esophagus; P, pylorus; and RA, rectal anastomosis. 


tOne patient. 


RESULTS 


The results are summarized in Table 1. Twelve dilatations 
were performed in six patients. Of the 12 dilatations, 1l 
resulted in therapeutic success, with relief of symptoms in 
five of the six patients. The one therapeutic failure occurred 
in a patient who had undergone surgical resection for 
treatment of pharyngeal cancer and postoperative radiation 
therapy. His stenosis was caused by postradiation edema 
(visualized endoscopically) superimposed on recurrent can- 
cer near the anastomosis of the pharynx to a jejunal 
interposition graft. The stricture could be dilated, but due 
to the edema, benefit was only temporary, and symptoms 
returned within five hours. Three patients have had re- 
peated dilatation for return of symptoms (Table 1). One 
patient had repeated dilatation as a planned procedure after 
a one-month interval. Duration of follow-up in these six 
patients has been 9, 11, 11, 11, 22, and 25 months, respec- 
tively. 

COMMENT 


The literature concerning experience with balloon dilata- 
tion is not extensive. Nonetheless, balloon dilatation of 
strictures at multiple anatomic locations has become in- 
creasingly common, Kozarek'^ published results of a na- 
tional survey on balloon dilatation in 1986. Twenty-two 
percent of 1093 endoscopists who responded to the survey 
had performed balloon dilatations of the esophagus (531 
eases, 85% success, -0.3% perforation, 1.8% bleeding), 
stomach (524 cases, 76% success, 0.7% perforation, 0.2% 


Arch Surg— Vol 123, June 1988 


bleeding, 2.296 perforation in gastroenterostomy), biliary 
tree (247 cases, 89% success, 4% to 35% complication rate), 
and/or colorectum (61 cases, 56% success, 4.6% perforation 
in anastomotie strictures). The data suggested that success 
rates increased with increased balloon sizes. When balloons 
larger than 17 mm were used for esophageal dilatation, the 
success rate was 95% compared with only a 30% success rate 
with balloons smaller than 7 mm. Interestingly, complica- 
tions did not correlate with balloon size. 

Balloon catheter dilatation of gastrointestinal tract stric- 
tures offers several potential advantages over conventional 
bougie methods. The inflated balloon applies a direct radial 
force to the stricture, thus avoiding the potentially tearing, 
longitudinal force required with bougies. The force applied 
against the stricture by the balloon is purely radial and is 
therefore less likely to cause perforation. With olive-tip and 
rubber dilators, the operator applies a longitudinal force to 
the stenotic area with a tapered instrument. This longitudi- 
nal force is partially converted to radial pressure as the 
dilator is pushed through the stricture. Perforation can 
occur in one of the following two ways: (1) the tip of an 
unguided dilator may be forced through the esophageal wall 
proximal to or within a tortuous stricture or (2) the longitu- 
dinal force applied by a dilator against an unyielding 
stricture may also tear or rupture the wall of the esophagus 
proximal to the lesion. In addition, the flexible guidewire 
and balloon catheter may be used to negotiate tortuous 
strictures where bougienage may be difficult and dan- 
gerous. Furthermore, strictures not readily accessible to 
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standard bougie dilatation (eg, gastrojejunostomy, pyloric 
stenosis) can be dilated using endoscopic placement of the 
balloon catheter. 

Table 2 summarizes the results of a literature review of 
balloon dilatation of gastrointestinal tract strictures. The 
therapeutic success rate approaches 90% in these collected 
series, and only one complication (minor bleeding) was 
reported. The national survey mentioned above showed that 
bleeding and perforation were the most common complica- 
tions.“ For anastomotic strictures, there are only anec- 
dotal reports of balloon dilatation use.* However, our suc- 
cessful results in five of six patients with postoperative 
strictures compares favorably with the results reported for 
benign upper gastrointestinal tract strictures. 

Comparisons of efficacy and safety between balloon 
dilatation and traditional methods are not likely to be valid, 
as balloon dilatation is generally employed for selected 
tight, tortuous stenoses.” An accurate delineation of bleed- 
ing and perforation rates accompanying gastrointestinal 
tract balloon dilatations awaits a larger, cooperative, 
method-controlled study." The timing for the first dilata- 
tion of a stricture following surgery is not clearly estab- 
lished. Some delay between surgery and dilatation of an 
early postoperative stricture is necessary. Within the con- 
text of the present study, we avoided dilatation of anasto- 
motie stenoses for six weeks after surgery to allow for 
healing sufficient to prevent disruption of the anastomosis. 

The criteria for determining the optimum dilatation end 
point are not defined. In the present study, we relied on 
clinical judgment, pressure within the balloon, and patient 
discomfort as criteria for determining the extent of dilata- 


"PU 


tion. Other authors have used patient discomfort alone 
while stressing the experimental status of this variable as 
the indication to terminate dilatation. Furthermore, Ben- 
jamin et al® have suggested that optimum diameters exist 
for different anatomic locations (eg, 15 mm for pylorus) and 
that the values for esophagus, pylorus, biliary tree, and 
colorectum may be different. 

We have found balloon catheter dilatation to be very 
acceptable for the tight stricture and the stricture that is 
anatomically “out of reach” of the usual bougies. Thus far, 
our success rate (92%) for anastomotic strictures—in terms 
of duration of relief and a low complication rate—compares 
favorably with those reported for dilatation of primary 
strictures using bougies or the Eder-Puestow method." 

While balloon catheter dilatation is useful in these se- 
lected cases, bougienage should remain the standard form 
of treatment for uncomplicated strictures. It is safe, inex- 


pensive, and readily available. Furthermore, the perfora- " 


tion rate is 0.3% or less, and the success rate exceeds 95%." 

The present study and a review of the literature suggest 
that balloon dilatation is a safe and effective method for 
dilating a variety of alimentary tract strictures, including 
those in an anastomosis. It is particularly useful for tight 
strictures and those not accessible to standard dilatation 
methods. With the exception of stenosis or strictures due to 
edema associated with cancer, we have found balloon dilata- 
tion to be effective therapy for tight anastomotic strictures 
that have not responded to standard techniques. 


Dr Whitworth is the recipient of American Cancer Society fellowship 
CF 86-77. 
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AJDC 


Pyloric Stenosis in the Sick Premature Infant: Clinical and Radiological Findings 
Eric D. Tack, MD; Jeffrey M. Perlman, MB; Richard J. Bower, MD; William H. McAlister, MD 


The clinical and radiographic features of five sick premature infants with idiopathic hypertrophic pyloric 


stenosis are presented. Clinical features were nonspecific, the common findings being recurrent nonbilious 
emesis, persistent abdominal distention, and the inability to place a nasojejunal feeding tube through the 
pylorus. Plain abdominal radiographs demonstrated persistent gastric dilatation in four of the infants. 
Idiopathic hypertrophic pyloric stenosis should be considered in the differential diagnosis of premature 
infants with upper gastrointestinal tract symptoms (AJDC 1988;142:68-70). 

Reprint requests to Division of Newborn Medicine, Children’s Hospital at Washington University Medical Center, 400 S 
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- Peritoneal Mesothelioma 


William J. Plaus, MD 


€ Peritoneal mesothelioma is a rare neoplasm often related 
to previous asbestos exposure. In 14 cases the diagnosis 
before surgery was virtually impossible, as patients presented 
with vague abdominal complaints and nonspecific physical 
examination findings. Laboratory testing (including computed 
tomography) was of no added diagnostic help. Widespread 
peritoneal neoplastic growth was the common finding at 
laparotomy. The tumor was grossly indistinguishable from 
other types of abdominal carcinomatosis. Electron micros- 
copy proved to be the diagnostic tool of choice. Routine 
histologic techniques often gave nondiagnostic results. In- 
traperitoneal asbestos fibers were not observed. Treatment 
with radiation, chemotherapy, or both produced a 50% partial 
response rate, but survival was not affected. Malignant ascites 
was effectively palliated without complication in two of three 
patients with peritoneovenous shunting. An unusual case 
occurred in which histologic material from a second-look 
laparotomy documented complete response to a new regimen 
of intraperitoneal chemotherapy. 

(Arch Surg 1988;123:763-766) 


rimary peritoneal mesothelioma accounts for 10% to 

20% of all mesotheliomas and has an annual incidence 
of less than one to two cases per million.^* There were 
fewer than 30 well-documented cases before 1960, and this 
number has since increased by just eightfold.2.*: 


REPORT OF CASES 
Case Material 


I treated five patients with peritoneal mesothelioma. Twenty- 
one additional cases were identified by the Colorado Tumor 
Registry. In only nine of these registry cases was the clinical or 
pathologic documentation complete enough to warrant inclusion 
in this review. 

The palliation of malignant ascites by peritoneovenous shunting 
was of partieular interest. This subject has not been adequately 
studied to date in patients with peritoneal mesothelioma. Shunt 
efficacy, patency, and side effects were noted. 


Patient Summaries 


Fourteen patients (five women and nine men) with peritoneal 
mesothelioma treated from 1975 to 1986 were evaluated. The 
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details of the presenting symptoms and physical findings are 
presented in Table 1. 





Table 1.—Presenting Symptoms and Signs* 













Case/Age, Asbestos Symptoms 
y/Sex Exposuret (Duration) Signs 
1/70/F - Hypogastric burning, Large pelvic 
pain, bloating mass 
(2 mo) 








Right-flank pain, 
weight loss (8 mo) 


Right-flank and 
epigastric 
tenderness 





























3/67/F — Periumbilical colic Right lower quadrant 
(1 day) mass 

4/62/M * Bloating, weight loss Ascites 
(1 mo) 

5/63/M + Suprapubic pain Lower abdominal 
weight loss (2 mo) X tenderness 

6/59/M _ Constant lower Ascites, lower 
abdominal pain, abdominal mass 
bloating (3 mo) 

7/55/M - Periumbilical colic Ascites 
(1 y) 

8/52/F - Colic (1 y), night Normal abdomen 
sweats (1 mo) 

9/29/M — Suprapubic pain Left flank tenderness 
(1 mo) 

10/52/M — Constant right lower Right lower quadrant 
pain (unknown tenderness 
duration) 

11/53/M — Diffuse pain and Ascites 
bloating (1 y) 

12/60/F - Fatigue (unknown Hepatomegaly 
duration) 

13/88/M -= Constant epigastric Ascites, tumor 
pain, bloating nodule in 
(1 wk) abdominal wall 

14/38/M — Pain and swelling of Tender scrotum 






right scrotum 
(2 mo) 






*Mean age at presentation, 56 years. Mean duration of symptoms at 
presentation, 4.4 months. 

TPlus sign indicates exposure; minus sign, no exposure; and question 
mark, unknown. 
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Patient 2 was probably exposed to asbestos as a child by his 
father, an asbestos worker. The patient’s degree of exposure was 
unknown. 

Abdominal pain, the most common presenting symptom (79%), 
was not limited to a particular region of the abdomen. It was 
frequently migratory and unaffected by motion, eating, or defeca- 
tion. Intermittent pain was invariably associated with partial or 
complete neoplastic bowel obstruction. 

Ascites was often relatively rapid in onset. It made the abdomi- 
nal examination difficult by hiding large tumor masses from the 
clinician’s hands. Only two patients had tumor nodules palpable 
abdominally or rectally on first presentation. 

Laboratory tests were not helpful in making the diagnosis of 
peritoneal mesothelioma. The complete blood cell counts, elec- 
trolyte levels, and results of liver function tests and urinalyses 
were usually normal. Barium swallow studies of the small bowel 
(one case) and colon (one case) were misleading. Neither investiga- 
tion disclosed the diffuse peritoneal disease later found at laparot- 
omy. Six patients underwent abdominal ultrasound or computed 
tomographic (CT) scanning or both. With one exception (see 
discussion of patient 14 below), the results of these tests merely 
confirmed the physical examination findings of ascites or tumor 
masses. 

Paracentesis was performed on five patients (35%). Three of the 
specimens were “suspicious” for malignancy, and the other two 
were nondiagnostic. Cytologic examination never established the 
correct diagnosis. 

The diagnosis of mesothelioma was not made prior to surgery in 
any case. The actual preoperative diagnoses were as follows: 
carcinomatosis (type unknown) (40%); unspecified (20%); unknown 
(15%); and sarcoma, lymphoma, small-bowel obstruction, and 
inguinal hernia (7.1% each). 

Thirteen patients underwent laparotomy. The remaining patient 
died prior to surgery of a pulmonary embolus confirmed by 
autopsy. The details of the operative findings and treatment are 
presented in Table 2. Resection of tumor for cure was not possible 
in any of the cases presented. 

The pathologic types of mesothelioma found are also presented in 
Table 2. Proper interpretation of routine histologic material was 
challenging; frozen-section results were unreliable. Alcian blue 
staining for hyaluronic acid with and without pretreatment with 
hyaluronidase was positive in the three cases in which it was done. 
Electron microscopy was used in six cases and proved to give the 
most definitive diagnostic information. In two cases there was 
considerable diagnostic debate despite the use of electron micros- 
copy. 

Ten patients were treated in an uncontrolled fashion with a 
variety of regimens. The details of treatment, response, and 
survival are presented in Table 3. 

Malignant ascites was palliated using a Denver peritoneovenous 
shunt in patients 4, 7, and 9. Despite the mucoid nature of their 
ascitic fluid, patients 4 and 7 had good palliation without complica- 
tion for two and eight months, respectively. Patient 9 developed 
severe disseminated intravascular coagulation and upper gastroin- 
testinal tract bleeding that required shunt ligation 11 days after 
insertion. Ascites rapidly accumulated after shunt ligation or 
occlusion in all three patients. Shunc-related tumor dissemination 
was not observed. 

Patient 14, a 38-year-old man, was unusual in several respects 
that deserve more detailed discussion. He presented in January 
1985 with constant pain and swelling of the right side of the scrotum 
that had not responded to oral antibiotic treatment. After consid- 
erable delay, an exploration of the right groin area revealed a small 
right inguinal hernia. Unsuspected peritoneal mesothelioma was 
found in the hernia sac on histologic examination. Subsequent 
abdominal CT scanning disclosed the possibility of intra-abdominal 
disease. Tumor nodules covering the liver, diaphragm, and small 
bowel were noted at laparotomy (June 1986). In July 1986 the pa- 
tient began monthly courses of intraperitoneal cisplatin and 
systemic doxorubicin hydrochloride (Adriamycin). This regimen 
was tolerated well. After six months of therapy, the patient felt 
well and had no clinical or laboratory evidence of disease. A 
second-look laparotomy revealed a substantial decrease in the 
amount of gross disease (documented with photographs). Multiple 
biopsies of apparent tumor nodules showed only sclerosis and no 
evidence of tumor. The patient continues to receive chemotherapy. 
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Table 2.—Operative Findings, Procedures, 
and Pathology* 


Procedure Pathology EMt 




















Case Findingst 


1 Diffuse implants, Biopsy Unspecified - 
mucoid ascites 
2 Diffuse implants, Biopsy Sarcomatous + 


tumor mass 
under liver 


3  SBO, pelvic tumor Ileal resection, Sarcomatous + 


encasing ileum TAHBSO 
4 Diffuse implants, Biopsy, Denver Mixed 
mucoid ascites shunt 
5 Diffuse implants, Biopsy Epithelial + 
mucoid ascites 
6 Diffuse implants, Biopsy Unspecified — 
thin ascites 
7 Diffuse implants, — lleal resection, Epithelial - 
mucoid ascites, cholecystectomy 
SBO Denver shunt 
8 Diffuse implants Biopsy Unspecified — 
9 Diffuse implants, | Denver Shunt, Epithelial - 
thin ascites omentectomy 
10 Diffuse implants, — lleocolectomy Epithelial — 
SBO 
11 Diffuse implants, — lleocolostomy Mixed + 
SBO 
12 Implants in upper Biopsy Mixed — 
abdomen, thin 
ascites 


13 Patient died prior 
to surgery 


14 . Tumor implants in Biopsy 
tunica vaginalis 
and abdomen 


Epithelial = 


*EM indicates electron microscopy; SBO, small-bowel obstruction; and 
TAHBSO, total abdominal hysterectomy with bilateral salpingo-oophorec- 
tomy. 

tAdvanced disease with widespread implants, 80%; ascites, 50%. 

Plus sign indicates procedure was used; minus sign, not used. 


COMMENT 


Mesotheliomas arise from pleuripotential progenitor cells 
and can occur in the pleura, pericardium, peritoneum, or 
tunica vaginalis testis." Pleural mesothelioma has been 
linked to asbestos exposure in humans and laboratory 
animals.'** The link between asbestos and peritoneal meso- 
thelioma is less clear.?? Only two of the current patients 
were exposed to asbestos, but it is possible that others may 


= i 


— 


have been exposed unknowingly. Identification of pulmo- ^ 


nary asbestos fibers may be the only accurate means of 
determining exposure status." 

The mechanism by which asbestos affects the peritoneum 
is unclear. Peritoneal asbestos fibers were not found in this 
series or in several others.” There are isolated case 
reports of patients with mesothelioma and colonic car- 
cinoma in whom peritoneal asbestos has been found.'^" One 
hypothesis as to the origin of peritoneal mesothelioma is 
that ingested asbestos fibers migrate through the bowel 
wall and then exert a local carcinogenic effect.” This theory 
fails to account for those patients with no exposure history 
or for those with mesothelioma of the tunica vaginalis. 

Just how asbestos induces neoplasia is also unclear. The 
actual duration of exposure needed may be short," but the 
delay between exposure and the diagnosis of mesothelioma 
is usually long (27 years in this report).°"°"” 

Other etiologic factors, such as radiation and thorium 
dioxide (Thorotrast), have been implicated by isolated case 
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Table 3.—Therapy, Response, and Survival 


Treatment* 


Doxorubicin hydrochloride (Adriamycin), cyclophosphamide 
(Cytoxan), cisplatin (1 course) 


2 21-Gy (2100-rad) abdominal XRT Decreased pain (2) 2 (dead) 
3 


48-Gy (4800-rad) pelvic XRT, doxorubicin, 
cyclophosphamide (1 course) 


4 None None 15 (dead) 


5 Doxorubicin (3 courses) 


23-Gy (2300-rad) abdominal XRT, 13-Gy (1300-rad) pelvic 


boost 


Survival From 
Presentation, mo 


7 (alive) 


Response (Duration, mo) 
Decreased ascites (4) 


Delayed tumor growth (93) 120 (dead) 


None 
Decreased ascites (3) 


. 6 (dead) 
3 (dead) 


7 Methotrexate sodium, fluorouracil (1 course) None 103 (dead) 
8 


None 


Dacarbazine (DTIC), doxorubicin, cyclophosphamide 
(1 course) 


Colloidal *?P peritoneal XRT, vincristine sulfate (Oncovin), 


procarbazine hydrochloride, hydroxyurea (1 course) 


None 
None 


17 (dead) 
2 (dead) 


Unavailable for follow-up X 


11 Dacarbazine, doxorubicin, cyclophosphamide (1 course) Decreased ascites (10) 13 (dead) 
12 None None 11 (dead) 


13 None 
14 Intracavitary cisplatin, systemic doxorubicin (6 courses) 


None 
No active disease at 2nd look 


Patient died during workup 
24 (alive) 





*Mean survival, 24.8 months; mean survival after treatment, 31 months (range, two to 120 months); and mean survival without treatment, 14 months 


(range, zero to 17 months). XRT indicates x-ray treatment. 


studies.***™ Patient 12 was treated with abdominal radiation 
for a presumed lymphoma 15 years before presentation. 

The mean presenting age of 56 years and the male 
predominance noted in this review are typical for peritoneal 
mesothelioma. 47°23% This tumor rarely occurs in chil- 
dren or young adults. 

This series confirms the difficulty of diagnosing perito- 
neal mesothelioma preoperatively. Physical examination 
was often misleading, as ascites hid significant tumor 
masses from the clinician. Tumor deposits have been found 
by previous investigators in umbilical hernias, inguinal 
hernias, and hydroceles.'9225 

Routine laboratory tests proved diagnostically useless. 
As noted in previous reports, paracentesis with cytological 
examination failed to give the correct diagnosis even when 
positive for malignant cells.? Computed tomographic scan- 
ning demonstrated ascitic fluid and large tumor masses, 
but neither finding was specific for mesothelioma. Gallium 
67 was recently found to mark deposits of peritoneal 
mesothelioma.? This test was not used here, as its speci- 
ficity has been questioned. Perhaps this scanning technique 
- might be used in following tumor response to therapy. 

Laparotomy with adequate tumor biopsy was the ulti- 
mate diagnostic test in this series as in all others.?*791:52 
The surgeon may easily mistake the gross appearance of 
mesothelioma for that of advanced pancreatic or ovarian 
carcinoma.* Only those patients requiring correction of 
impending bowel obstruction actually required full 
laparotomy. Most needed only diagnostic tumor biopsy, the 
insertion of a peritoneovenous shunt, or both. Laparoscopy 
has been used for the diagnosis of this tumor.? In the future, 
laparoscopy might prove to be an attractive diagnostic 
alternative to full laparotomy if sufficient tissue is obtained 
for this difficult histologic diagnosis. 

Malignant ascites was well palliated in three patients by 
peritoneovenous shunting. This proved true whether or not 
the ascitic fluid was viscous. Previous reports noted early 
shunt failure if the ascites was viscous, cell-rich, or hemor- 
rhagic."? Most patients with peritoneal mesothelioma 
have thin, cell-poor, nonhemorrhagic ascites.*^* Shunting 
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is therefore cautiously advocated for the palliation of malig- 
nant ascites in patients with peritoneal mesothelioma. 

The pathologic diagnosis of peritoneal mesothelioma has 
traditionally been difficult. Both epithelial and sar- 
comatous elements may occur in a single tumor nodule.'*? 
Foamy cells and gross cysts were recently reported in cases 
of mesothelioma, but neither feature was found in this 
study.^*? Alcian blue has been used routinely for the 
identification of hyaluronic acid, a product of mesothelial 
cells. The validity of the technique has been questioned, as 
many tumors may produce this compound. In addition, 
hyaluronic acid may only be secreted by the better differ- 
entiated mesotheliomas.” Electron microscopy made the 
diagnosis somewhat easier by revealing the characteristic 
ultrastructural elements: basement membrane, desmo- 
somes, and microvilli. 7% 

The response of peritoneal mesothelioma to treatment 
was poor, reflecting the late stage of the disease at diagnosis 
as well as an inherent resistance to the usual treatment 
modalities.**"” The 50% partial response rate noted here is 
comparable to the 10% to 40% rate noted in the literature.5^ 
It is interesting that patient 14 had a histologically docu- 
mented complete response after treatment with systemic 
and intracavitary chemotherapy. Markman et al** recently 
reported a 70% partial response rate using this regimen. 

The traditional difficulty in treating this disease has been 
the lack of clinical or laboratory signs by which response 
may be judged. In a few cases abdominal girth or the size of 
large tumor masses may be followed. For others, I have 
documented the intra-abdominal extent of disease using 
second-look laparotomy with intraoperative photography. 
The mitotic activity of the tumor may then be assessed by 
the pathologist. 

The survival of all but three of the current patients was 
less than 18 months. Treatment did not conclusively affect 
survival. In several cases, the physical condition of the 
patients at presentation prevented aggressive treatment. 
Similar dismal results have been noted in other series. 562»? 
Even the favorable response noted after treatment with 
intraperitoneal cisplatin was not followed by improved 
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survival.^ Nevertheless, the prolonged survival of a few 
patients engenders hope that more effective therapy may be 
found. 

The industrial use of asbestos began before 1900, but 
large numbers of workers were not exposed until the 
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World War II.?42 The restriction of the use of asbestos 
may eventually reduce the incidence of mesothelioma. For 
now, research would best be directed at methods of earlier 
detection for those at risk and rigorous testing of new 
treatment modalities. 
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ARCHIVES OF OTOLARYNGOLOGY-HEAD & NECK SURGERY 
Alterations in T-Lymphocyte Subpopulations in Patients With Head and Neck Cancer: 


Correlations With Prognosis 


Gregory T. Wolf, MD; Stephen Schmaltz, MPH; Jerry Hudson, PhD; Harriet Robson, RN; 
Thomas Stackhouse; Karen A. Peterson; Judy A. Poore; Kenneth D. McClatchey, MD 
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Impaired cell-mediated immunity has been consistently demonstrated in patients with advanced head and 
neck squamous cancer (HNSC); however, the results of prior studies of correlations of cellular immune 
parameters with treatment outcome have been inconsistent, and routine assessment of immune parameters ^" 
has been of limited clinical use. To determine the prognostic importance of alterations in the proportions of 
various T-lymphocyte subpopulations in the peripheral blood of patients with HNSC, levels of T3, T4, T6, T8, 
T9, T10, T11, and Leu 7 cells were quantitated by flow cytometry in 80 previously untreated patients and 
prospectively correlated with tumor characteristics and clinical course (median length of follow-up, 27 
months). The mean helper/suppressor cell ratio (T4/T8) increased progressively with increasing tumor stage 
and was significantly elevated among patients with cancer as a group and in patients with advanced (stage III 
or IV) disease compared with 40 normal subjects. Decreased disease-free survival was significantly associated 
with elevated T4/T8 ratios and low percent T8 and T11 cell levels. The prognostic significance of percent T8 
(cytotoxic/suppressor) cell levels persisted even after adjusting for known prognostic factors of tumor stage, 
T class, N class, and tumor site. These correlations provide new insight into immune alterations in HNSC that 
may prove useful in identifying patients with early clinical disease who have a poor prognosis (Arch 
Otolaryngol Head Neck Surg 1987;113:1200-1206). 


Reprint requests to Department of Otolaryngology, The University of Michigan Hospitals, 1904 H Taubman Health Center, 
Ann Arbor, MI 48109 (Dr Wolf). 
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Peritoneal Mesothelioma—Plaus 


Clinical Notes 


Variceal Bleeding, Hypersplenism, 
and Systemic Mastocytosis 


Pathophysiology and Management 


Bauer E. Sumpio, MD, PhD; Gloria O’Leary, MD; Richard J. Gusberg, MD 


e Systemic mastocytosis is characterized by an abnormal 
proliferation of tissue mast cells. Though rarely a surgical 
disease, it occasionally presents as variceal bleeding secon- 
dary to portal hypertension. Ultrastructural studies of the liver 
and spleen and portal pressure measurements support the 
hypothesis that a perisinusoidal intrahepatic fibrosis is re- 
sponsible for the increased portal pressure. When variceal 
bleeding complicates systemic mastocytosis, shunt surgery 
is indicated, with the type of shunt dictated by both hema- 
tologic and hemodynamic issues. Satisfactory blockade of 
histamine release can be achieved preoperatively by disodium 
cromoglycate and/or histamine antagonists to obviate any 
systemic effects precipitated by shunting of mast cell-rich 
splenic blood into the systemic circulation. 

(Arch Surg 1988;123:767-769) 


astocytosis refers to a group of diseases characterized 
by an abnormal proliferation of tissue mast cells. 
Ninety percent of cases of mastocytosis involve the skin 
alone. In the remaining patients, multiorgan involvement 
develops, with varying clinical manifestations that rarely 
require surgery.'^ Hepatic infiltration with mast cells can 
result in portal hypertension, and, to our knowledge, four 
cases of systemic mastocytosis with splenomegaly and 
variceal bleeding have been reported.** 

We report another case of portal hypertension and vari- 
ceal bleeding associated with systemic mastocytosis. Sple- 
nectomy was indicated because of massive splenomegaly 
(associated with mast-cell infiltration) marked hyper- 
splenism, and the need for further marrow-suppressing 
chemotherapy. When splenectomy alone failed to lower 
portal pressure, decompression was achieved with a central 
splenorenal shunt. 


REPORT OF A CASE 


A corporate lawyer presented with skin itching at age 31 years, 
nine years before this report. Systemic mastocytosis was docu- 
mented by bone marrow biopsy specimen, and the patient was 
given disodium cromoglycate and cimetidine therapy. Despite 
apparently adequate control of histamine release, he subsequently 
presented with variceal hemorrhage. Following initial control with 
sclerotherapy, recurrent variceal bleeding prompted evaluation for 
shunt surgery. Angiography (Fig 1) revealed massive splenomeg- 
aly with patent splenic and portal veins. The portal pressure 
measurements were consistent with variceal hemorrhage secon- 
dary to postsinusoidal portal hypertension, with a corrected 
sinusoidal pressure (wedged hepatic vein pressure-free hepatic 
vein pressure) of 14 mm Hg. A liver biopsy specimen revealed 


Accepted for publication June 3, 1987. 
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cirrhosis and mast-cell infiltration (Fig 2). 

On physical examination the patient was icteric, with moderate 
hepatomegaly and marked splenomegaly. Laboratory data 
included the following: hematocrit, 0.27 (27%); white blood 
cell count, 2.6x10'/L (2.6x10'/4L); platelet count, 117 x 10°/L 
(117 x 10/,L); prothrombin time, 11.8 s (control, 11.7 s); partial 
thromboplastin time, 44.7 s (control, 31.9 s); and factor VIII level, 
35 (normal, 60 to 200). Results of his liver function tests were 
normal except for an alkaline phosphatase level of 137 U/L. 

Because of marked splenomegaly (from mast cell infiltration) 
with hypersplenism, the need for further chemotherapy, and 
portal hypertension with recurrent variceal bleeding, splenectomy 
was indicated in addition to variceal decompression. At operation 
the splenic vein measured 2.5 cm in greatest diameter (venous 
pressures: splenic, 32 mm Hg; central, 20 mm Hg). Splenic vein 
oxygen pressure was 48 mm Hg with a simultaneous systemic 
arterial oxygen pressure of 175 mm Hg. When the splenic vein was 
clamped, the portal pressure was unchanged while the cardiac 
output dropped from 9 L/min to 7 L/min, and the pulmonary artery 
diastolic pressure dropped from 35 mm Hg to 22 mm Hg. To provide 
adequate portal decompression, a central splenorenal shunt was 
constructed following the splenectomy. The postshunt portal pres- 
sure was 22 mm Hg with no significant portosystemic gradient. 
Intraoperative splenic and systemic venous samples revealed no 
histamine activity, confirming satisfactory blockade. The opera- 
tion and postoperative course were uncomplicated, and the patient 
was discharged receiving disodium cromoglycate and cimetidine. 
At 36 months following surgery he had remained well, with no 
progression of his liver disease, no recurrent variceal bleeding, no 
shunt-related problems, and no symptoms of histamine release. 


COMMENT 


Originally described by Nettleship and Tay’ in 1869, 
mastocytosis is primarily a skin disorder characterized by 
abnormal mast-cell proliferation and infiltration. Most 
cases are evident by 1 year of age, with a reported incidence 
of one in 8000. Ninety percent of cases involve the skin alone 
and are characterized by a diffuse maculopapular hyperpig- 
mented or telangiectatic rash that spares the face, soles, 
and palms. The cutaneous lesions, however, can also present 
simply as a solitary hyperpigmented nodule or mastocy- 
toma. Patients with cutaneous mastocytosis often have 
spontaneous, generalized pruritus associated with flush- 
ing. An urticarial, erythematous wheal elicited after gently 
rubbing the skin (Darier’s sign) is indicative of mast-cell 
release of vasoactive mediators. Definitive diagnosis, how- 
ever, rests on a biopsy of the cutaneous lesion. 

Systemic manifestations develop in 10% of patients with 
mastocytosis. While it is largely a childhood disease, masto- 
cytosis in adults has an almost eightfold increased chance of 
progressing to the systemic extracutaneous form. The 
mast-cell infiltrates may be localized to bone, liver, spleen, 
lymph nodes, or the gastrointestinal tract, and the presen- 
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Fig 1.—Splenic arteriogram (left) and portal venogram (right) demonstrating massive splenomegaly 
and patent portal (PV) and splenic (SV) veins. SpA indicates splenic artery. 


~ 
Fig 2.—Left, Light micrograph of liver shows moderate fibrosis and prominent mononuclear infiltrate 
in portal areas and sinusoids (hematoxylin-eosin, original magnification x 200). Right, Electron 
micrograph reveals interstitial infiltrate of mast cells (center). Mast-cell nuclei are relatively round with 
peripheral chromatin, and granules have laminated, dense appearance (uranyl acetate-lead citrate, 
original magnification x 5400). 
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tation may be insidious. Asymptomatic hepatosplenomeg- 
aly occurs in half the cases. Lennert and Parwaresch* 
reported 43 cases of systemic mastocytosis, of which 11 had 
no skin involvement. Webb et al’ described 26 patients with 
systemic mastocytosis whose symptoms were so nonspe- 
cific that only five cases were correctly diagnosed at initial 
presentation. Bone pain with diffuse osteosclerosis is fre- 
quent. Over 90% of the cases reported by Sagher and Even- 
Paz? had a bone marrow biopsy specimen that demonstrated 
the mast-cell infiltrates. 

Systemie mastocytosis may be benign or malignant. 
Malignant mastocytosis is histologically characterized by 
the presence of mast cells with large nuclei and increased 
mitotic activity. It can develop de novo or, as in a third of the 
patients, progress from the benign form. The organ involve- 
ment is usually diffuse, and the prognosis is poor, with 
mast-cell leukemia developing in 15% of cases. Benign 
systemic mastocytosis, always associated with skin 
changes, usually runs a chronic course. 

The varied clinical manifestations of systemic mastocyto- 
sis reflect both its multiorgan involvement and the vasoac- 
tive substances released by the mast cells. Patients may 
present with “flushing” palpitations, syncope, dyspnea, 
headaches, malaise, weight loss, or diarrhea. Despite its 
discovery by Ehrlich” in 1877, mast-cell function has been 
incompletely elucidated. Histamine, the most studied 
mast-cell product, is thought to be the vasodilating amine 
responsible for the urticaria, flushing, palpitations, and 
bronchospasm seen in systemic mastocytosis. Heparin, also 
released by the mast cell, seems to result in no clinically 
significant anticoagulant activity. The mast cell also stores 
a variety of mediators and enzymes such as carboxypep- 
tidase A, acid hydrolase, chymotrypsin, serotonin, the 
leukotrienes, and the prostaglandins; the prostaglandins 
may be important mediators of attacks in patients with 
mastocytosis." The effect on portal hemodynamics of these 
mast cell-produced vasoactive substances has not been 
defined. 

Portal hypertension as a complication of systemic masto- 
cytosis has been recently appreciated, although the under- 
lying mechanisms responsible for the hemodynamic altera- 
tions remain poorly understood.** The pathophysiology of 
portal hypertension can be characterized by either in- 
creased splanchnic outflow resistance or increased splanch- 
nic inflow or both. It can be classified by the following 
obstructive patterns: prehepatic, intrahepatic, or post- 
hepatic, with the intrahepatic form further subdivided into 
presinusoidal, sinusoidal, and postsinusoidal.” The devel- 
opment of portal hypertension in systemic mastocytosis has 
been variously explained. Capron et al? described one 
patient with dense hepatic filtration by mast cells and hy- 
pothesized that the sinusoidal impaction resulted in in- 
creased intrahepatic resistance and a secondary rise in 
portal pressure. Grundfest et al,* however, described a 
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patient with systemic mastocytosis with minimal liver 


fibrosis but with dense splenic infiltration by mast cells. 
They postulated splenic release of histamine, with resultant 
increased splenic flow accounting for the increased portal 
pressure, and suggested that splenectomy alone could be 
curative. These two cases typify the “outflow block” and 
“inflow increase” theories of portal hypertension. 

In the case reported here, despite massive infiltration of 
the spleen with mast cells (spleen weight, 3300 g), the 
splenic contribution to the portal hypertension appeared 
insignificant: (1) The splenic vein oxygen pressure of 
48 mm Hg with a systemic arterial oxygen pressure of 
175 mm Hg is inconsistent with significant atrioventricular 
shunting. (2) While interruption of the splenic vein resulted 
in a decrease in both the cardiac output and pulmonary 
artery diastolic pressure, there was no drop in portal 
pressure. (3) The corrected sinusoidal pressure was ele- 
vated (14 mm Hg) and was above the threshold at which 
patients bleed from varices. This increase in both portal and 
sinusoidal pressures independent of splenic inflow is con- 
sistent with postsinusoidal obstruction. 

Portal hypertension in systemic mastocytosis is presum- 
ably secondary to perisinusoidal fibrosis. The hemody- 
namie changes in the present case and in the others 
reported in the literature support this concept. In addition, 
autopsy studies have documented not only desmoplasia in 
the portal areas but also subendothelial sinusoidal fibrosis. 
The portal hypertension of systemic mastocytosis can, 
therefore, be characterized as hepatic in origin and 
idiopathic or noncirrhotic in type. The effect chemotherapy 
might have on the hepatic involvement and the development 
of portal hypertension remains speculative. 

In general, the treatment of mastocytosis is supportive, 
directed at both inhibiting mast-cell release and blocking 
the potential effects of the released products.’ Patients 
should be counseled on the effects of certain mast-cell 
secretagogues, such as alcohol, aspirin, narcotics, and 
anticholinergic drugs, in triggering systemic symptoms. 
Disodium cromoglycate may alleviate the diarrhea, flush- 
ing, and itching. Histamine antagonists may relieve the 
histamine-mediated cutaneous reactions and reduce the 
gastric acid hypersecretion that are common in patients 
with systemic mastocytosis. Ultraviolet radiation, pros- 
taglandin antagonists, and corticosteroid drugs are benefi- 
cial in certain cases." In reporting the Vanderbilt experi- 
ence with systemic mastocytosis, Scott et al^ emphasized 
the importance of preoperative pharmacologic preparation 
and recommended preoperative treatment with H,- and H,- 
receptor antagonists, a prostaglandin biosynthesis inhib- 
itor, and inhalation anesthesia with fluorane. In the case 
reported here, preoperative treatment with both disodium 
cromoglycate and cimetidine provided complete protection 
against histamine release, and anesthesia consisted of 
fluorane inhalation. 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation" begins 


immediate] postop, with reported decreased sepsis, wound problems and 
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CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

6S YMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
eontrast (i.e: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 ml/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 


A. Study @ 5 minutes (5 hours postop). 


Note efficient removal of all excess barium, 
with none reaching the stomach. 


C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 





Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 
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Pedunculated Hepatocellular Carcinoma 


Mark W. Moritz, MD; Mamoru Shoji, MD; Gregorio A. Sicard, MD; Ryuzo Shioda, MD; Katherine DeSchryver, MD 


e Hepatocellular carcinoma (HCC) occurring as an append- 
age from the main hepatic parenchyma is a rare entity, of which 
two cases are herein described. Because proper surgical 
management of this tumor (pedunculated HCC) is unclear, the 
world’s literature was reviewed to determine optimal therapy. 
Thirty-four cases were documented, including the two cases 
reported herein. Diagnosis was usually obscure, despite mod- 
ern invasive and noninvasive methods, and laparotomy or 
autopsy were required for specific identification of tumor type. 
Sixteen resections were reported among 18 explorations. One 
patient had transarterial embolization. Fifteen received medi- 
cal therapy only. Surgically treated patients usually died of 
metastatic disease, whereas most medically treated patients 
died of gastrointestinal or tumor hemorrhage. Pedunculated 
HCC may be more amenable to curative resection than ordi- 
nary HCC due to its unique localization and growth pattern. 

(Arch Surg 1988;123:772-774) 


Pu hepatocellular carcinoma (HCC) can man- 
ifest itself as a large abdominal mass found on physical 
examination, defying attempts at specific diagnosis both 
preoperatively and at exploration. This tumor may attain 
massive size yet be amenable to surgical resection due to 
minimal invasion of adjacent organs. After recently caring 
for two American patients with pedunculated HCC, it was 
found that the role of surgical therapy in this disorder has 
not been reviewed in the English-language literature. Al- 
though a number of such cases were found in the Japanese 
literature of the last 30 years, only two have previously been 
reported from Europe and the United States since Roux’s 
original description in 1897.'* All documented cases in the 
Japanese, French, and English language literature are 
herein reviewed, along with two new cases, to better 
determine optimal surgical therapy. 


REPORT OF CASES 


CasE 1.—A 69-year-old woman presented with complaints of 
abdominal pain, vomiting, and syncope. Diagnostic studies were 
unremarkable; however, six months later she developed night 
sweats and a 6.8-kg (15-lb) involuntary weight loss within one 
month. An abdominal mass was found, and a barium enema 
radiograph then showed a mass displacing the ascending colon. A 
computed tomographic (CT) scan showed the mass arising from the 
right side of the pelvis, with a small amount of ascites. Per- 
cutaneous needle biopsy of the mass revealed poorly differentiated 
adenocarcinoma. The patient refused surgical intervention. 

Four months later the patient had complaints of abdominal pain, 


— bilious vomiting, and syncope. A large, mobile, midabdominal 


mass was present. Assays for hepatitis B antigen and antibody 
were negative, and aspartate aminotransferase level was 62 U/L 
(normal, «40 U/L). A new CT scan showed the mass with possible 
intra-abdominal metastases consistent with an ovarian, colonic, or 
pancreatic primary neoplasm (Fig 1) Intravenous pyelogram, 
barium enema, and upper gastrointestinal (GI) tract series demon- 
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strated displacement of the transverse colon and right kidney and 
narrowing with irregularity of the gastric antrum. Paracentesis 
yielded bloody fluid and was followed by syncope with a fall in 
hematocrit to 0.22 (22%). After resuscitation with crystalloid and 
blood, the patient underwent surgical exploration. 

At laparotomy a large mass was found attached by a bridge of 
tissue to the right anterior liver edge, lateral to the gallbladder. 
The tumor occupied the entire extent of the attenuated omentum, 
which was thinly spread across it, and most of the right gutter and 
pelvis. The transverse colon was adherent to its underside. Tumor 
nodules were present in the tip of the right hepatic lobe, whereas 
the remainder of the liver appeared cirrhotic without other lesions. 
The tumor filled the right side of the pelvis, was friable in places, 
and appeared to have bled where it joined the stomach. There was 
copious bloody ascites. The mass was easily dissected off the 
stomach and gallbladder and was removed in continuity with the 
transverse colon and a wedge of the right hepatic lobe. Colonic 
continuity was restored by primary anastomosis. 

Gross pathologic examination of the specimen showed the tumor 
to weigh 1350 g, measuring 15 x 20 x 8 cm, with hemorrhagic and 
necrotic areas present. The histologic appearance of the tumor was 
consistent with hepatocellular carcinoma (Fig 2). There was a 
fibrous band separating the liver from the tumor, and adjacent 
liver sections showed cirrhosis with chronic inflammation in the 
fibrous septa. Tumor infiltrated the omental fat and could be seen 
in lymphatic spaces; however, the omental nodes and resected 
bowel with attached omentum were free of metastases. 

The patient made an uneventful recovery, but her condition 
deteriorated and she died seven months later. No autopsy was 
obtained. 

CASE 2.—A 51-year-old American nun who had spent two years 
in Japan was first seen there complaining of fatigue and intermit- 
tent left lower quadrant abdominal pain. The patient was treated 
with intravenous antibiotics for diverticulitis but returned after 
two months with recurrent severe abdominal pain. A periumbilical 
mass and ascites were present. Hematocrit was 0.30 (30%), and 
ultrasonography showed the mass to be 8 cem in diameter. An upper 
GI tract series showed extrinsic gastric compression. Her 
a,-fetoprotein level was 163 314 ng/dL and increased during hospi- 
talization to 282 809 ng/dL (normal, <15 ng/dL). 

At laparotomy, an 8x 8x 7-cm mass was found attached by a 
pedicle to the medial segment of the left hepatic lobe, from which 
its arterial supply originated. Fibrous adhesions had formed to 
adjacent structures, and the tumor was resected with its pedicle. 
Bloody ascites was present without cirrhosis. The tumor was solid, 
composed of malignant epithelial cells (medullary type), consistent 
with the diagnosis of hepatoma. There were areas of peripheral 
necrosis and hemorrhage. 

Postoperatively, the a,-fetoprotein level decreased to 2275 ng/dL 
within three months. Chemotherapy was given consisting of 
fluorouracil and BCG immunotherapy. After five months she had 
new complaints of nausea and fatigue; the a,-fetoprotein level was 
12080 ng/dL; and a CT scan demonstrated multiple liver metas- 
tases. 

The patient later underwent insertion of a pump (Infusaid) for 
further fluorouracil chemotherapy. After an episode of upper GI 
tract bleeding, she stabilized but nonetheless died three months 
later. No autopsy was obtained. 


LITERATURE REVIEW 


A total of 34 well-documented cases reported over a 90-year 
period (including these two new cases) were available for review." 
The patients average age was 57 years (range, 33 to 83 years). 
Twenty-eight patients were Japanese, three were from the United 
States, and one each was from France, Taiwan, and Italy. All but the 
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Fig 1.—Computed tomographic scan of case 1 showing inhomoge- 
neous tumor mass occupying most of right abdomen and involving 
right lobe of liver. Darker areas represent tumor necrosis (arrow- 
heads). 


first two cases had been reported since 1957. The symptoms and 
findings in these 34 patients at presentation are shown in Table 1. 

Diagnostic studies included contrast GI radiologic studies, 
intravenous pyelography, celiac arteriography, laparoscopy, liver 
scintigraphy (with technetium Tc 99m, gallium Ga 67, or gold Au 
198), ultrasonography, and, most recently, CT scanning. In the vast 
majority of cases, although the mass could be demonstrated by 
these techniques, the specific diagnosis was not confirmed until 
exploratory laparotomy or autopsy was performed. 

Sixteen patients had tumor surgically resected, one underwent 
transcatheter arterial embolization of the tumor, and 15 were 
treated medically. Two patients underwent exploration without 
resection. The types of operations performed are shown in Table 2. 

Review of the characteristics of pedunculated HCC at operation 
or at autopsy revealed that pedicle attachment to the liver occurred 
most often in the right lobe (21 cases), followed in decreasing 
frequency by the left (seven cases), caudate (one case), and 
quadrate lobes (one case). One tumor had no apparent attachment 
to the liver but was located in the left upper quadrant and was 
covered by omentum. Cirrhosis was present in 22 of 30 cases 
reported, although hepatitis B antigen or antibody was only 
present in four of 16 reported. a,-Fetoprotein was elevated in 13 of 
21 reported. Most tumors were large; 12 of 16 tumors for which 
weights were available weighed more than 1 kg (range, 200 to 
3250 g), and 20 of 23 tumors for which exact sizes were reported 
were at least 10 cm in one or more dimensions. Four others were 
probably at least this large. There was evidence of tumor hemor- 
rhage at laparotomy in 11 cases. Three patients (all Japanese) had 
portal vein tumor thrombus present; one also had tumor thrombus 
in the hepatic vein. Another Japanese patient had coexisting 
schistosomiasis japonica. 

Adequate follow-up and survival data were available for 32 
patients. All survivors were in the surgically treated group except 
for one patient who reportedly lived for three years after diagnosis 
without resection. Nine of the 18 patients whose tumors were 
resected were alive at follow-up intervals of one month to more than 
five years. In the 13 patients where all contiguous carcinoma was 
removed en bloc, death was due to metastatic disease in six (46%). 
Two other such patients died of hepatic failure. Three patients who 
were operated on underwent chemotherapy for metastatic disease 
(one through a pump), and all three eventually died. Five of the 
patients whose tumors were resected had intra-abdominal metas- 
tases present at operation, and all eventually died of metastatic 
disease. 

In contrast, the cause of death in seven of 16 patients whose 
tumors were not resected was rupture and hemorrhage of the 
tumor one week to three years after diagnosis (one had hepatic 
failure after intra-arterial tumor embolization). Six others died due 
to GI bleeding; four deaths were from variceal rupture (all had 
cirrhosis). Survival intervals were reported for three of these 
patients, ranging from one to eight months. Twelve of 16 patients 
without resection had metastases at autopsy or exploration, but 
only two of them died of metastatic disease. 


Arch Surg— Vol 123, June 1988 


x 


- 
e^ 


- r * A 
L4 
A v 
val 
- — 
^ = 


af 


ia 





Fig 2.—Histologic appearance of tumor in case 1. Top, Light 
microscopy shows finely septated sheets of pleomorphic polygonal 
cells with abundant cytoplasm arranged in cords around vessels. 
Intracytoplasmic eosinophilic hyaline inclusions, bizarre mitoses, 
and multinucleated giant tumor cells are common (hematoxylin- 
eosin, x 100). Bottom left and right, Electron micrographs show 
tumor cells with well-developed desmosomes and microvilli with 
basolateral and intercellular spaces consistent with attempted 
recapitulation of Disse’s space and bile canaliculi (arrowheads) 
(uranyl acetate—lead citrate, x 9000). 


COMMENT 


Pedunculated HCC is an unusual tumor, of which few 
eases have been described. These tumors may grow to 
massive size and hemorrhage spontaneously, requiring 
emergency laparotomy for control, or elective exploration 
may be needed to establish diagnosis and resectability. 
Despite size and extent of tumor, resection en bloe with 
involved liver and adjacent involved organs in the appropri- 
ate patient may not only stop hemorrhage but, as the 
evidence presented herein shows, effect palliation or cure. 
Six (38%) of 16 patients survived more than one year, and 
there are reported survivals of three and five years. 

Medically and surgically treated patients died of different 
causes. Although many patients with resection ultimately 
succumbed to metastatic disease, virtually all patients 
treated medically died of tumor hemorrhage into the 
peritoneal cavity or of GI bleeding. Patients in each group 
usually had cirrhosis, which was likely responsible for 
portal hypertension and variceal hemorrhage. There may 
be an unrecognized reason that esophageal bleeding did not 
occur in the surgically treated group, since the natural 
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Table 1.— Symptoms and Findings on Presentation in 34 
Patients With Pedunculated Hepatoma 


Palpable abdominal mass 
Abdominal pain 

Ascites* 

Anorexia 

Bloating, fullness 

Malaise 

Hepatitis B antigen or antibodyt 
Alcoholism 

Fever 

Gastrointestinal bleeding 
Syncope 

Anemia 

Jaundice 

Weight loss 


— -—* h9 m9 fo no C» I» NON 


*Eight of those with ascites had bloody ascites during the course of their 
illness. 
TSixteen of the 34 had assay results available. 





Table 2.— Types of Operations Performed in 18 Patients With 
Pedunculated Hepatomas 










Operation 


Exploration only 
Resection of tumor only 3 








Resection en bloc 
With liver only 6t 
With liver and gallbladder 4 






With liver and colon 
With colon, spleen, and pancreas 






*The two explorations were of one lesion in each lobe, left and right. 
TTwo of the liver-only resections were of left-lobe lesions. 


history of cirrhosis should not have been changed by 
surgical resection, but this is impossible to determine with 
the information available. Though cirrhosis may limit 
postoperative functional liver capacity, it should not con- 
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traindicate aggressive resection per se, as successful resec- 
tion, despite cirrhosis, is associated with better survival in 
this series. 

The infrequency of correct preoperative diagnosis of this 
condition is hardly surprising, as the abdominal mass found 
on examination or even directly visible at operation may 
mimie other tumors. Large masses 10 to 20 em in diameter 
are commonly due to ovarian carcinoma, and even gastric 
carcinoma may attach to midepigastric structures, with 
extension into the liver, much as pedunculated HCC. How- 
ever, tumor location is similar to primary HCC and to 
colorectal liver metastases, which also occur more often in 
the right hepatic lobe.** Many patients were cirrhotic, as 
is often the case with the usual form of HCC. 

The incidence of HCC in the United States has increased 
in recent decades,” whereas the mortality from resection 
has decreased. Now 4096 or more" of patients with HCC 
may be candidates for wedge or major resections, which 
carry mortalities of about 6%.*” Five-year survival of 71% 
after curative resection in 25 patients has been reported.” 
The best prognosis is associated with normal adjacent liver, 
no cirrhosis or extrahepatic metastases, and tumors less 
than 5 em in size.” When HCC arises as a multicentric 
neoplasm in a liver with cirrhosis due to hepatitis or 
alcoholism, hepatic reserve may be inadequate for signifi- 
cant parenchymal ablation.” However, pedunculated tu- 
mors may be resectable due to their unique localization, 
offering a chance for cure or effective palliation.” The large 
size reached by tumors reviewed herein indicates that 
earlier exploration and aggressive resection might have 
produced better survival and possible cure for many pa- 
tients. 

Pedunculated HCC is thus more likely than ordinary 
HCC to be resectable for cure. Awareness of this tumor and 
early abdominal exploration soon after presentation to 
establish the diagnosis and attempt complete resection are 
necessary. Curative resection is the procedure of choice to 
prolong survival and prevent early death from hemorrhage. 
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Complications of Needle Localization 


-of Foreign Bodies and 


Nonpalpable Breast Lesions 


Andrew D. Bronstein, MD; Ray F. Kileoyne, MD; Roger E. Moe, MD 


e Needle-wire localization of foreign bodies and nonpalpa- 
ble breast lesions is commonly used to allow for more accurate 
excision or biopsy. We present three examples of complica- 
tions of the localization procedure: (1) wire migration into the 
chest wall with retained fragment, (2) transection of a wire 
during biopsy with retained hook fragment, and (3) wire 
migration within the thigh soft tissues with breakage at the 
hooked end. Recommendations to minimize the incidence of 
. these complications and their sequelae include (1) bending 
the hookwire 90? at the skin surface following localization, (2) 
transferring the patient between the radiology suite and the 
operating room via a stretcher, with minimal movement of the 
body part localized, and (3) accounting for the entire length 
of wire by the surgeon, pathologist, and radiologist following 
the procedure to exclude retained fragments. 

(Arch Surg 1988;123:775-779) 


eedle and wire localization of nonpalpable breast 

lesions, detected by mammography, is commonly 
used to allow for more accurate excision of the abnormality 
and reduce the amount of normal tissue removed during 
biopsy. Needle localization has also been described to 
aid in the removal of radiopaque foreign bodies? and 
biopsy of bone lesions detected on radionuclide scans." 
Reported complications directly related to the needle or 
hook wire localizer include migration into the breast," 
migration into the pleural cavity? hemorrhage through 
the needle,!* bending of the needle," and movement of the 
assembly outward.? Potential complications of the place- 
ment itself are penetration within the underlying pectoralis 
muscle,!517 possible seeding of tumor posteriorly,® faulty 
initial placement,?:4:/5 and vasovagal reaction.*57:5 Further 
reported complications at the time of surgery include 
removal of the wire by a nurse;,!*!* transection of the wire,” 
incomplete excision of the lesion,*!*?* difficulty following 
the wire, movement of the wire away from the lesion,” 
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as well as the risk of contact with electrocautery.*/^ The 
incidence of many of these complications has been reduced 
by subsequent changes in the needle-wire design and 
placement procedure. 92 

We describe three different complications involving the 
hook wire needle localizer: (1) migration into the chest wall 
during surgery with retained fragment; (2) transection of 
the hook wire during biopsy with distal tip left unrecog- 
nized in the breast; and (3) migration within the soft tissues 
of the thigh, with breakage at the hooked end, following 
foreign-body localization. 


PATIENTS AND METHODS 


A needle spring hook wire system (Disposable Kopans spring 
hook localizer) was employed for all localization procedures as 
described by Kopans et al.55? The wire external to the body was 
loosely taped to the skin and a dressing was placed over the 
assembly in each instance. 

Case 1.—A 66-year-old woman had a suspicious left breast 
lesion on routine mammographic examination, and localization 
was performed via a periareolar approach, at a later date, with 
biopsy immediately following. The surgeon noted that the wire 
was present at the start of the biopsy, but the wire end disappeared 
during dissection; the wire could not be found in the specimen or 
during exploration. An intraoperative chest roentgenogram was 
obtained, but the wire was not identified by operating room 
personnel. It was thought that the wire may have hooked onto a 
sponge during the procedure (Fig 1). Postoperative fluoroscopy of 
the chest, better to exclude a retained wire, showed the original 
localizer in the posterior upper inner quadrant of the breast (Fig 
2). A second needle hook wire localizer was placed adjacent to the 
original and both were removed. Nevertheless, follow-up mam- 
mography six months later disclosed the distal 1 em of hook wire 
still within the breast (Fig 3). A slight curve at the end of the 
retained fragment indicates breakage at the curved portion of the 
hook wire. 

Case 2.—A 42-year-old woman had suspicious microcalcifica- 
tions in the upper outer quadrant of the left breast on screening 
mammogram. Two localization wires were placed in the region of 
interest, and subsequent biopsy was performed, demonstrating 
intraductal carcinoma. The pathologic specimen report described 
two localization wires present in the specimen, although the 
lengths were not recorded. A postbiopsy chest x-ray film demon- 
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Fig 1.—Intraoperative chest film of patient 1 during left-breast biopsy shows localization 
hook wire overlying left seventh rib (short arrows). Hooked end is projected over right 
border of sixth thoracic vertebra (long arrow). 


Fig 2.—Fluoroscopic spot film of patient 1 shows hook wire to have 
migrated adjacent to left chest wall. 
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Fig 3.—Distal 1 cm of hook wire found in left breast on follow-up mammogram six months 
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after biopsy in patient 1. Wire has broken at curved portion of hook (arrow). 


strated the hooked portion of a hook wire within the breast to be 
removed at subsequent mastectomy (Fig 4). The pathology report 
describing the mastectomy specimen made no comment about a 
wire fragment within the breast. 

Case 3.—A 29-year-old man presented with a ten-year-old 
bullet fragment in the left lateral thigh, 16 cm distal to the greater 
trochanter, for surgical removal. Before the procedure, a needle 
hook wire localizer was placed adjacent to the bullet fragment, 
under fluoroscopic guidance, with 7 em of wire protruding from 
the skin (Fig 5). The hook wire was not found at the time of 
surgery, and it was assumed by the surgeon that the wire had 
been pulled out during transport, during spinal anesthesia induc- 
tion, or at skin preparation. The bullet fragment was localized and 
excised in the operating room by probing with a needle through 
the localization puncture site. Two weeks later, the patient pre- 
sented with knee pain, and roentgenographic views disclosed the 
entire hook wire, broken at the curved end, with its tip at the 
level of the tibial plateau (Fig 6). Both fragments were removed 
under fluoroscopic guidance by a small skin incision overlying the 
knee. 


COMMENT 


Complications from needle hook wire localization of 
nonpalpable breast lesions are actually quite infrequent 
considering the thousands of localization procedures per- 
formed yearly. Reported complications are dramatic but 
usually consist of only a single case or a very small 
percentage of patients in a series.!*/5? Furthermore, ad- 
vances in technique and available localization wires have 
improved the accuracy of localization and potentially re- 
duced the chance of complication. 149.2 
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The hook wire localizer can migrate in a forward direction 
that is limited only by the density of the tissue to be 
traversed, occuring more easily in fatty-replaced breasts 
than in those with dense parenchyma.'^'*? Kopans hook 
wire may proceed forward during pendulous movement of 
the breast on transfer from the mammography suite to the 
operating room. Wire localizers with a larger curve’ 
appear to be less likely to migrate, although our experience 
with this type of localizer is only recent. The present 
example of Kopans' wire migrating from the upper thigh 
to the knee cannot be explained by low-density fatty tissue 
in that the wire traversed dense muscle bellies in a forward 
direction. The method of transferring the patient from the 
radiology suite to the operating room is not known, but it 
is presumed that the patient walked some distance, causing 
movement of the wire, possibly by muscular action. Placing 
a patient on a stretcher following a localization procedure, 
rather than allowing her or him to walk or sit in a 
wheelchair, would theoretically minimize any body move- 
ment that could cause migration of the localizer. 

Several authors have described breast localization on the 
day before surgery without complications.*"*'"*° However, 
the potential for movement of the wire increases the risk 
of poor localization, since postlocalization mammograms 
are usually obtained immediately after placement. An 
additional right-angle bend of the wire at the level of the 
skin following placement prevents inward movement of the 
wire and has been included in our localization protocol. 
Bending the wire sharply at the skin surface could theo- 
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Fig 4.—Postbiopsy chest film of patient 2 demonstrates transected 
hook wire within left breast (arrowheads), seen best on lateral view. 
Thin wire is barely visible within soft-tissue density of surrounding 
breast. 
Fig 6.—Lateral view of knee of patient 3 obtained two weeks after 
removal of thigh bullet fragment shows localization wire with curved 
end within superficial soft tissues below patella (arrows). Wire is 
broken at curved portion as in patient 1. 


Fig 5.—Anteroposterior view of thigh of patient 3 shows localization wire glancing off bullet 
fragment that was subsequently removed. 
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retically weaken it sufficiently to cause breakage at that 


point; however, there have been no reports of such a 
complication. It has been argued that attachment of the 
wire, by any means, at the level of the skin could cause 
movement of the tip from the proximity of the lesion with 
breast movement.? Minimization of movement would pre- 
vent motion that could displace the hook wire position 
adjacent to a lesion. 

'The surgeon may cut off a localization wire near the skin 
surface to cleanse the area before biopsy, although this is 
not necessary and may result in loss of the wire within the 
tissues. To prevent a shortened wire from disappearing 
beneath the skin surface, it should be firmly held by 
hemostats. If a needle localizer cannot be found at the time 
of surgery, as with patient 3, it must be assumed that there 
has been migration inward unless the intact wire can be 
found outside the patient. The construction of the hook 
wire in a “fishhook” configuration is such that forward 


».e movement is allowed while backward movement is hin- 


dered. 

Breakage of the hook wire at the curved portion of the 
hook in two instances demonstrates that this is a potentially 
weak part of the wire. Indeed, bending of the narrow- 
gauge wire may greatly reduce its strength, and repeated 
forward movement through tissues may further stress this 
area. This also raises the question as to whether this 
potential weak point would be likely to break during 
accidental withdrawal of the hook wire from tissues. 
Although this has not been described in any reports to our 
knowledge, this is another reason for the surgeon not to 
use the wire as a retraction device for dissection toward 
the lesion.? A wide-curved, rather than tightly bent, high- 
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strength alloy hook wire (Mammalok) described by Homer * 


and Pile-Spellman'*^ may eliminate this weakness and is 
more resistant to transection, in our experience. 

The entire length of the localizer must be accounted for 
following retrieval, especially in cases of wire migration or 
transection: a small section of the hook may be retained in 
tissues, as occurred in two patients in the present study. 
The hooked end of a transected wire would probably cause 
minimal tissue foreign-body reaction but could migrate with 
body motion, possibly causing a pneumothorax or entering 
a blood vessel. Furthermore, the hooked end of the wire is 
initially placed near the lesion of interest, and incomplete 
removal of the wire may indicate incomplete removal of the 
lesion. If a piece of wire is left in the breast or chest wall, a 
portable chest roentgenogram may be inadequate to vi- 
sualize the fragment. Ideally, a C-arm fluoroscope should 
be available. 

The surgeon, pathologist, and radiologist must account 
for the entire length of wire localizer at the time of biopsy 
and subsequent specimen radiography fully to prevent 
complications from transection or breakage of a hook wire. 
The length of the intact wire localizer should be reported by 
the radiologist to the surgeon before surgery, and all wire 
fragments, purposely eut or otherwise, should be sent with 
the pathologic specimen. It is usual practice for the 
pathologist to remove any metallic objects from the spec- 
imen before sectioning so as not to damage knives or 
microtomes; thus, inspection of the wire should be made at 
the time of removal and described in the gross specimen 
pathology report. Likewise, the approximate length of wire 
removed with the specimen should be reported in the 
operative summary. 
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Brief Clinical Note 


Obstructive Jaundice 
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An Unusual Delayed Presentation of Congenital Diaphragmatie Hernia 


Michael Schiffler, MD; Frederick J. Rescorla, MD; Joseph Fitzgerald, MD; Jay L. Grosfeld, MD 


* Most cases of congenital diaphragmatic hernia present as 
acute respiratory emergencies in the newborn period. Delayed 
presentation may be heralded by symptoms referred to the 
respiratory or gastrointestinal tract. An infant with unrecog- 
nized right-sided foramen of Bochdalek hernia presented with 
obstructive jaundice due to compression of the herniated 
common bile duct by the rim of the diaphragmatic defect. To 
our knowledge, this occurrence has not been previously ob- 
served in infancy or childhood. 

(Arch Surg 1988;123:780-781) 


demens of Bochdalek hernia, or more descriptively, 
congenital posterolateral diaphragmatic hernia, occurs 
in approximately one per 4000 live births.' In most in- 
stances (85% to 90%), the defect occurs in the left hemi- 
diaphragm. In the vast majority of cases, this condition 
presents with severe respiratory distress in the immediate 


neonatal period. A minority of patients, however, present 


after the first 24 to 72 hours of life, and in these instances 
the symptoms are not as life threatening and tend to be 
chronic in nature. Symptoms are usually of gastrointestinal 
and/or pulmonary origin and include nausea, vomiting, 
dysphagia, epigastric pain, dyspnea, recurrent pulmonary 
infection, chest pain, and failure to thrive.*? This report 
concerns a 7-week-old female infant with a previously 
unrecognized right-sided Bochdalek hernia who presented 
with obstructive jaundice. This unusual presentation of 
diaphragmatic hernia was found to be unique following a 
search of the English literature. 


REPORT OF A CASE 


A 7-week-old female infant was referred to the gastroenterology 
service at The James Whitcomb Riley Hospital for Children, 
Indiana University Medical Center, Indianapolis, for evaluation of 
persistent hyperbilirubinemia. The patient was born full-term 
after a normal pregnancy and an uncomplicated vaginal delivery. 
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There was no history of respiratory distress at the time of birth, 
and the infant and mother were discharged a few days following 
delivery. The infant was well until two weeks prior to admission 
when the mother noted the onset of postprandial, projectile, 
nonbilious vomiting. At the time, a formula (lactose) intolerance 
was suspected as the cause. Following a change to a soybean 
formula, the vomiting became less frequent; however, jaundice was 
observed. In the week prior to admission, the infant became 
progressively more jaundiced. The color and character of her stools 
changed from brown and formed to pale yellow and more liquid. A 
total serum bilirubin determination of 154 pmol/L (9 mg/dL) was 
obtained by the family physician, and the child was referred for 
further evaluation. 

At the time of admission, the patient's vital signs showed an 
axillary temperature of 36.6°C, a pulse rate of 136 beats per minute, 
and a respiratory rate of 40 respirations per minute. The infant was 
obviously jaundiced but was not in acute distress. Respirations 
were regular and unlabored, and the lung fields were considered 
clear to percussion and auscultation. The liver was palpable below 
the edge of the right costal margin; the spleen tip was also 
palpable. Bowel sounds were noted in the abdomen, which was flat 
but not scaphoid. The remaining results of the physical examina- 
tion were normal. 

Admission laboratory studies showed a hemoglobin level of 123 g/L 
(12.3 g/dL); hematocrit, 0.36 (36%); and white blood cell count, 
14 x 10°/L (14 100/mm*) with a differential of 0.39 (3996) polymorpho- 
nuclear cells and 0.57 (5796) lymphocytes. The total serum bilirubin 


level was 246 pmol/L (14.4 mg/dL) with a direct component of * 


197 mol/L (11.5 mg/dL). The prothrombin time was 11 s with a 
control of 11.5 s. The partial thromboplastin time was 30.5 s with a 
control of 35 s. The aspartate aminotransferase level was 193 U/L, 
and the serum alkaline phosphatase level was 582 U/L. 

Chest x-ray films showed multiple loops of bowel in the right 
hemithorax (Fig 1). An abdominal roentgenogram showed traces of 
bowel gas. 

A diagnosis of a right-sided diaphragmatic hernia was made, and 
the patient was taken to the operating room. Exploration was 
accomplished through a transverse right subcostal abdominal 
incision. A large posterolateral diaphragmatic defect was ob- 
served. Multiple loops of small bowel, a portion of colon, the right 
hepatic lobe, and the gallbladder had herniated into the right 
hemithorax. There was no hernia sac. The right lung was com- 
pressed but did not appear hypoplastic. The angulation of the right 
hepatic lobe and the gallbladder as they protruded through the 
diaphragmatic defect twisted and compressed the common bile 
duct against the rim of the defect. This unusual form of extra- 
hepatic biliary obstruction was considered the cause of the infant’s 
jaundice (Fig 2). 
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Dd Fig 1.—Anteroposterior chest x-ray film showing multiple loops of 
intestine in right hemithorax. 


The remainder of the abdomen was explored and, with the 
exception of associated intestinal malrotation, no other abnormali- 
ties were noted. The diaphragmatic defect was closed with inter- 
rupted horizontal mattress sutures of 3-0 silk, and a right-sided 
tube thoracostomy was performed. A Ladd procedure was done for 
malrotation, and a liver biopsy specimen was obtained. 

The postoperative course was uncomplicated. The chest tube 
was removed on the fifth postoperative day with complete reexpan- 
sion of the right lung noted. The jaundice steadily resolved, and by 
the sixth postoperative day the total bilirubin level was 46 pmol/L 
(2.7 mg/dL); aspartate aminotransferase, 92 U/L; and alkaline 
phosphatase, 290 U/L. One week later, the serum bilirubin level 
was 10 pmol/L (0.6 mg/dL). The liver biopsy was interpreted as 
showing canalicular and hepatocytic cholestasis consistent with 
extrahepatic biliary obstruction. The patient remained asympto- 
matic and anicteric at the time of follow-up examinations at 3, 6, 12, 
24, and 36 months later. Growth and development have been 
normal. 


COMMENT 


The majority of neonates with diaphragmatic hernia 
present as respiratory emergencies within the first 72 
hours of life. The remaining small group of initially asymp- 
tomatic patients may present with clinical symptoms re- 
lated to the hernia later in infancy, during childhood, or even 
during adulthood. 

The spectrum of clinical manifestations displayed by 
patients with delayed presentation of congenital posterolat- 
eral diaphragmatic hernia was described in 1959 by Kirk- 
land‘ in a literature review concerning 34 patients who did 
not become symptomatic from their defects until adult- 
hood. The complaints were predominantly gastrointestinal 
or pulmonary in origin and chronic in nature. Some of the 
more common complaints included abdominal pain, vomit- 





Fig 2.—lllustration showing portion of right hepatic lobe and bowel 
in chest. Inset, Close-up view of common bile duct compressed 
against rim of diaphragmatic defect. 


ing, dyspnea, and chest pain. In 1976, Osebold and Soper” 
described an additional 27 patients, many of whom were 
children. As in previous studies, most of their patients had 
gastrointestinal or pulmonary complaints including abdom- 
inal pain, postprandial fullness, vomiting, dyspnea, and 
recurrent upper respiratory tract infections. 

The diagnosis was apparent from the admission chest 
x-ray film in our case; however, right-sided Bochdalek 
hernias frequently are difficult to demonstrate. Ra- 
dioisotopic liver scans have been useful because the dia- 
phragm indents the liver in a characteristic “cold band” 
appearance,* which has recently been used to delineate a 
delayed-onset case at our institution. Other modalities 
include peritoneography, ultrasonography, and umbilical 
arteriography. "* 

In a more recent report, Golladay et al" suggested that 
the delayed presentation and “relatively asymptomatic 
nature of the diaphragmatic defect from a cardiopulmonary 
standpoint" may be due to delay in herniation of intra- 
abdominal structures rather than late onset of symptoms in 
a patient with long-standing herniation. 

A review of the English literature failed to reveal any 
previously reported pediatric case of undiagnosed Boch- 
dalek hernia presenting with obstructive jaundice. The only 
previous instance, to our knowledge, of obstructive jaun- 
dice associated with Bochdalek hernia occurred in a 36- 
year-old man.” He had cystic dilatation of the right and left 
hepatic and common hepatic ducts secondary to the tor- 
tuous course of the herniated duodenum, which distorted 
and partially obstructed the common bile duct. Biliary 
obstruction has also been reported in cases of other dia- 
phragmatic defects, including a patient with a hiatal hernia 
and gastric volvulus in which angulation on the common bile 
duct led to jaundice” and another patient with a traumatic 
diaphragmatic hernia.” 
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Lumpectomy and Radiation 
Therapy: A Question Answered 


To the Editor. —Ghossein et al,! in the 
August 1987 issue of the ARCHIVES, 
questioned whether it is necessary to 
irradiate the breast after conservative 
surgery for localized cancer. They re- 
ported on 324 patients treated at the 
Institut Curie in Paris with segmental 
resection and postoperative radiation 
therapy. They concluded that *patients 
who do not develop local recurrence 
have a greater chance of remaining 
free of distant dissemination than pa- 
tients who develop recurrences in the 
breast, particularly if the failure oc- 
curs within five years." 

One of Ghossein's coauthors, Vilcoq, 
in another article reporting on 324 
patients from the same institution, 


= joined others in pointing out that most 


early recurrences were in patients un- 
der 33 years of age.” They concluded 
that “loco-regional recurrence, when 
found at an early stage . . . does not 
[emphasis added] influence survival." 

Thus, the evaluation of one group of 
patients had led to two contradictory 
conclusions; Vileoq has even contra- 
dicted himself. The attempt by Ghos- 
sein et al to define subgroups of pa- 
tients at greater risk for recurrence is 
admirable, but they failed to com- 
pletely define their groups. They did 
not report that the early failures were 
among the younger patients. Their 
conclusion reported in the ARCHIVES 
is contrary to that from almost every 
institution that has expressed an opin- 
ion on this subject. 

I have previously suggested a work- 
ing hypothesis to explain why 
promptly treated recurrent (or per- 
sistent) disease is not an additional 
threat to patient survival.” It is pru- 
dent for the surgical oncologist to have 
a plausible explanation for the in- 
nocuous behavior of this heretofore 
frightening surgical sequela. 

RicHARD EvANS, MD 
Houston 
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In Reply.—What appeared to be a 
discrepancy between the data we pub- 
lished in our article and that of Dr 
Calle et al from the Institut Curie is 
not a discrepancy in reality. We did 
state that local recurrence appears to 
be associated with a higher incidence 
of distant dissemination if the recur- 
rence occurs within five years after 
treatment. This is not in contradiction 
to what was published by Dr Calle 
et al. These authors state in their 
article that "there was no difference in 
survival observed between patients 
with recurrence in the breast and/or 
axilla and those without recurrence." 
They also state that “local control was 
significantly decreased in younger pa- 
tients, survival in the same group was 
significantly impaired." The majority 
of patients from the Institut Curie 
mentioned in our article and who expe- 
rienced early recurrence (less than 
five years) were in the younger age 
group and therefore had a higher in- 
cidence of distant dissemination. 

I hope that this will clarify the ap- 
parent discrepancy between our data 
and those published by Dr Calle et al. 

NEMETALLAH A. GHOSSEIN, MD 
New York 


lleocecostomy 


To the Editor.—The study by O'Con- 
nell and Kelly' that appeared in the 
September 1987 issue of the ARCHIVES 
was somewhat strictured by dealing 
with the ileum without mentioning the 
terminal portion, which may be impor- 
tant in regulating function. It would be 
interesting to include in a series the 
entire ileocecal junction minus the co- 
lonic mucosa in the ileostomy, in effect, 
an ileocecostomy. The ileal mucosa ex- 
tends to within 1 em of the apex of the 
ileocecal junction, then a transitional 
mucosa extends to the apex, where the 


colonie mucosa commences (unpub- 
lished observation, L. B., Paul Boyn- 
ton, MD [pathologist], 1986). Specific 
absorptive capacity is attributed to 
this terminal mucosa. Motility control 
commences 25 cm from the junction, 
where the stream is slowed (area of 
prune pit obstruction) The ileocecal 
junction picks up cecal muscle as well 
as ileal muscle and forms a sphincter 
dilator complex that surrounds an am- 
pulla that squirts the ileal contents 
into the cecum, forming a pyloris.? 
Studying enteric transit without this 
ileal pyloris may be compared with 
studying gastric transit without the 
gastric pyloris. The same concept may 
apply to mucosal protectomy with il- 
eoanal anastomosis if an end ileoce- 
costomy proved efficacious. An addi- 
tional benefit may be that described by 
Pemberton and colleagues? in using 
their stomal occlusive device. With the 
additional sphincteric reinforcement, 
the obstructive effect may be the spon- 
taneous development of an ileal pouch, 
as occurred with the device of Pember- 
ton et al. This may eliminate the need 
to construct an ileal pouch. 
LAWRENCE BRASLOW, MD 
Riverside, Calif 
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3. Pemberton JH, Van Heerden JA, Beart 
RW, Kelley KA, Phillips SF, Taylor BM: A conti- 
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In Reply.—Dr Braslow makes an in- 
teresting point. Preserving the entire 
ileum and the musculature surround- 
ing its terminal end may indeed slow 
transit in and enhance absorption from 
the small intestine. Certainly, pre- 
serving the entire length of the small 
bowel right down to the ileocecal in- 
junction should maintain maximum 
absorptive capacity. The hypothesis 
that slowing transit enhances absorp- 
tion, however, has not received much 
support from our tests. We slowed 
transit by pacing the small intestine 


LI. ET EST ac a WEP N VJT PEEN MERG GPE PT SS T GT. PES Se aT EA vw FENE : 


Correspondence and Brief Communications 


"we 


Correspondence and Brief Communications ` 


DT 
b 


^» Fig 1.—Kaplan-Meier survival curves for DNA ploidy. Solid line 


E 


mum 
| " 


100 


Cumulative Probability of Survival, % 
Cc 
eo 


1000 


2000 





3000 


Cumulative Probability of Survival, 96 
Cc 
eo 


4000 


No. of d After Surgery 


indicates diploid; broken line, aneuploid. 


backward in our experiments, and this 
did not enhance absorption. It may be 
that a certain obligate volume output 
must be maintained by the small in- 
testine to ensure healthy digestion and 
absorption of food, much as the kidney 
must excrete a certain amount of urine 
to maintain renal function. Nonethe- 
less, further experiments should be 
done. Were ileostomy output to be 
decreased in some way, the state of 
chronic salt and water depletion of 
ileostomates would be improved, to 
say nothing of the greater convenience 
of caring for a less active ileostomy. 
KEITH A. KELLY, MD 
Rochester, Minn 


Prognostic Significance of DNA 
Ploidy and Proliferative Index in 
Breast Carcinoma 


To the Editor.—An association of DNA 
aneuploidy of tumor cells with poorer 
prognosis in patients with breast can- 
cer has been documented. However, 
our recent study disclosed that aneu- 
ploidy did not worsen survival of these 
patients. 


Patients and Methods.—We examined 
135 archival specimens of breast cancer by 
DNA flow cytometry, using a modification 
of the method of Hedley et al.' The mean 
(+SD) patient age was 52.2+11.7 years. 
The stage of the disease, as determined by 
the TNM classification, was as follows: 
stage I in 48 patients, stage II in 57 
patients, stage IIIA in 12 patients, stage 
IIIB in 11 patients, and stage IV in seven 
patients. 


Results. —The DNA was diploid in 
31 cases and aneuploid in 104 cases. 
There was no correlation between 
DNA ploidy and disease stage. The 
DNA ploidy also did not correlate with 
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Fig 2.—Kaplan-Meier survival curves for proliferative index. Solid 


line indicates proliferative index <30%; broken line, =30%. 


patient survival (Fig 1). The mean 
(+SD) proliferative index (PI) (the 
fraction of tumor cells in the S+G,M 
phase of the cell cycle), determined in 
94 tumors having a single G,/G, peak, 
was 23.4%+14.1%. The PI did not 
correlate with stage of the disease, 
but it correlated closely with survival 
of patients. A higher PI (=30%) was 
associated with poorer clinical out- 
come, and the difference in the cumu- 
lative probability survival between pa- 
tients with tumors of higher PI and 
those with tumors of lower PI was 
significant after 792 postoperative 
days (Fig 2). 

Comment.—The PI was, therefore, 
a more important prognostic variable 
for breast carcinoma than was DNA 
ploidy. 

Hinosuri Suzuki, MD 
Hinosui Koike, MD 

1. Hedley DW, Friedlander ML, Taylor IW: 
Application of DNA flow cytometry to paraffin- 
embedded archival material for the study of 
aneuploidy and its clinical significance. Cytome- 
try 1985;6:327-333. 

2. International Union Against Cancer: TNM: 


Classification of Malignant Tumors, ed 3. New 
York, Springer-Verlag NY Inc, 1987. 


Gastric Emptying Time 
in Anorexia Nervosa and Bulimia 


To the Editor.—We read with great 
interest the recent article “Acute 
Gastric Necrosis in Anorexia Nervosa 
and Bulimia." We concur that the rup- 
ture of the stomach, due to acute 
gastric dilatation, is a serious compli- 
cation in the patient with anorexia 
nervosa or bulimia, and that the condi- 
tion can be recognized and conserva- 
tively treated earlier to avoid irrever- 
sible damage to the gastric wall. 
There was a citation of report of 
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“patients with anorexia nervosa dem- 
onstrating significantly slower gastric 
emptying rates than normal controls 
for both liquid and solids” by Russell? 
and Holt et al.* We would like to pre- 
sent our gastric emptying data using 
technetium Tc 99m-labeled trieth- 
ylene tetramine polystyrene resin in 
patients with anorexia nervosa and 
bulimia. These data deviated from the 
above-mentioned reports. The results 
of studies of 26 patients with anorexia 
nervosa indicated that only 50% had a 
prolonged gastric emptying time 
(GET); another 50% showed a normal! 
or even rapid GET.* The results of 
studies of 20 bulimic patients showed 
that 60% had delayed and 40% had 
rapid GETs.* These findings of dis- 
crepancies in GETs remain to be ex- 
plained; however, our study enables 
quantitatively objective documenta- 
tion of gastric emptying and separa- 
tion of those patients with a rapid or 
normal GET from those with a pro- 
longed GET who might benefit from 
metoclopramide hydrochloride ther- 
apy. 

LAURIE HUMPHRIES, MD 

WEI-EN SHIH, MD 

Lexington, Ky 


1. Abdu RA, Garritano D, Culver O: Acute 
gastric necrosis in anorexia nervosa and bulimia. 
Arch Surg 1987;122:830-832. 

2. Russell GFM: Acute dilatation of the 
stomach in a patient with anorexia nervosa. Br J 
Psychiatry 1966;122:203-207. 

3. Holt S, Ford MJ, Grant S, et al: Abnormal 
gastric emptying in primary anorexia nervosa. 
Br J Psychiatry 1981;139:550-552. 

4. Domstad PA, Shih WJ, Humphries L, et al: 
Radionuclide gastric emptying studies in pa- 
tients with anorexia nervosa. J Nucl Med 
1987;28:816-819. 

5. Shih WJ, Humphries L, Digenis GA, et al: 
Te-99m labeled triethelene tetraamine poly- 
sterene resin gastric emptying studies in bulimia 
patients. Eur J Nucl Med 1987;13:192-196. 
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Books 


Manual of Vascular Surgery, by E. J. Wylie, 
R. Stoney, W. K. Ehrenfeld, et al, 338 pp, with 
illus, $230, New York, Springer-Verlag NY Inc, 
1986, vol 2. 


The first volume of this atlas and 
manual of vascular surgery was pub- 
lished in 1980, shortly before Jack 
Wylie’s untimely death. It primarily 
concerned vascular problems in the 
abdomen and pelvis and was immedi- 
ately recognized as a pacesetter in the 
burgeoning field of vascular publica- 
tions. This new volume 2 has been 
completed by three of Wylie’s devoted 
colleagues and essentially takes up at 
the inguinal ligament and the thoracic 
outlet where the first volume stopped. 
As in the first volume, Bloodhart’s 
illustrations are not only meticulously 
accurate but often themselves are 
works of realistic art. 

This book goes beyond instructions 
concerning routine grafts and other 
operations for obliterative disease in 
the thigh and leg, as now are available 
in competing atlases and manuals. The 
unique feature of the current volume 
is its lucid analysis and management 
advice concerning the venous compli- 
cations of vascular surgery that have 
so often been referred to the Univer- 
sity of California Medical School, San 
Francisco. Most experienced surgeons 
will, after twinges of chest and abdom- 
inal pain, recognize the story of throm- 
bosed or infected grafts, pseudoaneu- 
rysms, and other complexities that are 
inevitable aspects of vascular surgery. 
The accumulated wisdom of the “Wylie 
School” is invaluable on how best to 
deal with such problems. The discus- 
sions are frank and honest, without 
rancor or arrogance for how best to 
salvage such difficult situations. For 
the experienced vascular surgeon, this 
may be the greatest value of this 
second volume. 

Both the style and content of the 
book are highly personal. Reasons are 
given for the choice of options, which, 
reflecting the philosophy of the San 
Francisco experience, runs perhaps 
more heavily to endarterectomy pro- 
funda reconstruction and use of the 
excised autologous iliac artery than is 
chosen by many others. Others may 
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disagree as to choice of options, but it 
is difficult to argue with the success 
that the authors document in this man- 
ual. 

Wylie would have been proud of the 
work of his colleagues, who, with this 
second volume, finished the job he 
started. 

More than most surgical specialties, 
vascular surgery depends on choosing 
the right operation to perform and 
carrying it out meticulously. It is 
therefore uniquely adapted for an op- 
erative manual and atlas. 

BEN EisEMAN, MD 
Denver 


New Surgical and Medical Approaches in 
Infectious Disease, by R. K. Root, D. D. 
Trunkey, and M. A. Sande, 296 pp, $54, New 
York, Churchill Livingstone Inc, 1987. 


A clinical surgeon must run fast 
merely to keep up with the pack when 
it comes to the management of infec- 
tions. This book is one of seven in a 
series entitled Contemporary Issues 
in Infectious Disease. This particular 
volume is specifically directed toward 
surgeons and surgical specialists. It 
consists of 18 15- to 20-page mono- 
graphs, one third of which are sum- 
maries of progress in surgical fields, 
such as the role of oxygen in manage- 
ment of infections, adherence of bacte- 
ria to foreign bodies, and current 
strategies in molecular design of new 
antibioties. These well-written, schol- 
arly, short monographs strike a sen- 
sitive balance among recent advances 
in basic science that may be applicable 
to practicing surgeons. 

The remaining 11 chapters are sum- 
maries of new developments in man- 
agement of infections in specjal clinical 
situations, such as urosepsis, cardiac 
and biliary surgery, osteomyelitis, 
burns, and posttrauma care. Two 
chapters on abdominal abscess, one 
written by a radiologist and the other 
by a surgeon, describe the emerging 
role of the radiologist in draining in- 
traperitoneal abscesses. Although 
generally less scholarly than the intro- 
ductory chapters, these 11 practical 
reviews of the specialty subject are 


helpful to the clinical surgeon. 

The value of a book of this sort 
depends on the scientific, clinical, and 
literary sophistication of the authors 
and editors. This volume receives high 
marks in this respect. 

Surgical sepsis has reemerged in" 
importance as clinicians have become 
more adept in keeping patients alive 
and therefore at risk for infection fol- 
lowing intense trauma and major oper- 
ations. This informative, concise, well- 
written book will help keep a clinical 
surgeon near the cutting edge of this 
fast-moving field of surgery. 

BEN EISEMAN, MD 
Denver 


Surgical Infections, by A. Pollock, 246 pp, 
$34.50, Baltimore, Williams & Wilkins, 1987. 


This chatty volume involves the in- 
formal reflections of what a clinical | 
surgeon thinks is interesting or im- 
portant in the field of surgical infec- 
tions. 

Presumably, this work written by 
Dr Pollock, a Hunterian Professor of 
Surgery, is intended to be light read- 
ing for the candidate preparing for a 
Primary Fellowship examination of the 
Royal College of Surgeons. The book’s 
major weakness is in trying to cover 
too many subjects in too short a space 
and in too informal a manner. Thirty- 
four chapters in a book of this size 
leaves about six pages each for such 
subjects as burns, metabolic and he- 
modynamic consequences of sepsis, 
and infections in an immunocompro- 
mised host. Fewer chapters of larger 
caliber would have been preferable to 
using merely “a whiff of grape.” 

The most valuable part of the book is 
the 24 pages devoted to clinical audit in 
infection, clinical trials, and statistics 
as they relate to evaluating reports of 
infection. 

Monographs about a complex sub- 
ject such as surgical infections should 
be lengthy, in-depth,  well-docu- 
mented, scholarly tomes; if limited in 
pages, they should not presume to 
cover the entire field. 

BEN EISEMAN, MD 
Denver 
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Clinical Surgery, edited by John H. Davis, 
3532 pp, 2020 illus, 1987, available in one ($95) or 
two ($120) volumes. 


This massive textbook uses the phi- 
losophy of the problem-oriented rec- 
ord that was conceived and popu- 
larized at the University of Vermont, 
Burlington, some 20 years ago. The 
editors (three are from Vermont) state 
that this approach reflects “the way 
surgeons actually practice their sci- 
ence.” The resulting two volumes 
eclipse in length (3532 pages) and 
weight (15 Ib) all previous textbooks 
of surgery. This is a lavish production. 
All chapters feature faceplates, most 
in color, and each is followed by a 
helpful summary outline. 

Innovative chapters cover the his- 
tory of surgical education, certifica- 
tion requirements, the clinicians’ role 
in health care costs, and basic statis- 
ties, all of which are unique topics in a 
surgical textbook. Surgeons will trea- 
sure the chapter on *Critical Evalua- 
tion of Data," a superb summary of 
modern statisties that includes the £ 
tests, x^ test, and analysis of variance. 

Several chapters add a novel issue to 
this textbook—the costs of medical 
care. An excellent introductory mono- 
graph explains the legislation that has 
radically influenced surgical practice 
and the current financing of medical 
care. Later chapters direct us to the 
most cost-effective approach to diag- 
nostic imaging techniques and anti- 
biotic therapy. The editors, commend- 
ably, have injected cost awareness into 
basic surgical education. 

In accord with the problem-solving 
theme, nine comprehensive chapters 
cover the signs and systems of *Com- 
mon Surgical Problems." These in- 
clude “Acute and Chronic Pain”; 
“Mass”; “Alterations in Temperature, 
Consciousness, Blood Pressure, 
Bleeding and Coagulation”; and “Jaun- 
dice.” 

The final two thirds of this book, 
“Clinical Practice,” fit more closely 
into the usual textbook pattern. Gen- 
erally, these chapters are clearly writ- 
ten and well illustrated. Some, such 
as “Breast,” “Thyroid,” “Stomach,” 
“Multiple Injuries,” and “Thermal In- 
juries,” are superb monographs. 

A multiauthored book (108 authors) 
of this size and scope has inevitable 
difficulties conforming to the problem- 
oriented theme. Some chapters closely 
follow the problem-oriented approach, 
making each disease a “problem”; oth- 
ers do not. For example, the thyroid 
chapter has “Problems” as a subhead- 
ing 26 times, while the chapter on 
multiple trauma completely avoids this 
subheading. 
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This admixture of the problem-ori- 
ented and classic textbook approaches 
occasionally results in duplication. For 
example, if the reader wants to look up 
jaundice, he finds two extensive dis- 
cussions, under “Biologic Phenomena” 
and “Clinical Manifestations.” 

The problem-oriented approach to 
surgery is somewhat akin to the sys- 
temic approach to anatomy, as illus- 
trated by Gray’s Anatomy, in which 
muscles, arteries, veins, and nerves 
are each described in separate sec- 
tions. This requires that the reader flip 
back and forth from one section to 
another to understand the whole, the 
regional anatomy. 

Similarly, the problem-oriented ap- 
proach requires that each element of a 
subject be considered as a separate 
“problem,” often in separate chapters. 
For example, postoperative complica- 
tions are dealt with not as a unit but in 
several chapters that discuss fever, 
shock, renal failure, or bleeding. A 
single chapter that cuts across these 
subjects at right angles might provide 
better insight for the young surgeon. 

Despite these criticisms, which are 
generated largely by the problem-ori- 
ented approach, the authors have 
crafted a first-rate textbook of surgery 
that will be helpful to surgeons in 
training or in practice and to students 
as areference. Thoughtfully conceived 
and beautifully illustrated, Clinical 
Surgery has the basic strengths it 
needs to compete in the heavyweight 
division of surgical texts. 

R. DALE LEIcHTy, MD 
Denver 


Review of Cancer of the Head and Neck, 
edited by Stephan Ariyan, 827 pp, with illus, St 
Louis, CV Mosby Co, 1987. 


Present treatment options for head 
and neck cancer include surgery, ra- 
diation therapy, surgery plus irradia- 
tion, as well as any of the above plus 
chemotherapy. Due to a wealth of con- 
flicting data and opinions, it is often 
difficult for an individual practitioner 
to determine which approach is best 
for a given patient. This book, which 
has 38 contributors, attempts to re- 
solve some of that confusion. It is 
divided into two parts: general prin- 
ciples and clinical management. The 
first part briefly reviews the history 
of head and neck cancer treatment, 
epidemiology, etiology, pathophysiol- 
ogy, diagnosis, staging, dental care, 
and chemotherapy. Two excellent 
chapters on radiobiology and the prin- 
ciples of radiation therapy are also 
included and deserve separate com- 
ment. They provide as good an under- 
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standing of this subject as can be found 
outside a textbook devoted solely to 
radiation therapy. In the second part 
of the book, the clinical management 
of separate anatomic sites, such as the 
oral cavity or nasopharynx, is re- 
viewed by both a surgeon and a ra- 
diotherapist, often with differing con- 
clusions. Each of these sections offers 
numerous listings of treatment results 
and an extensive bibliography. The 
format allows the reader to easily 
compare results for a given treatment 
problem and to reach his or her own 
conclusions as to which option might 
be best for a particular situation. 
While this general overall approach is 
admirable, it suffers somewhat in de- 
livery because of the uneven presen- 
tation of material. Thus, descriptions 
of radiotherapeutic techniques in each 
chapter are extensive and detailed but 
are probably more than a nonradio- 
therapist needs and less than a radio- 
therapist wants. In contrast, the de- 
tails of many standard surgical proce- 
dures are quite sketchy, and the novice 
surgeon will have to consult a surgical 
atlas to find out how to carry out a 
composite oropharyngeal resection, 
laryngectomy, or  pharyngectomy. 
There is, however, relatively volumi- 
nous coverage of reconstructive tech- 
niques for the oropharyngeal complex, 
hypopharynx, and cervical esophagus, 
and the descriptions of craniofacial 
resection, maxillectomy, neck dissec- 
tion, parotidectomy, and thyroidec- 
tomy leave little to be desired. As a 
result, the book can function as a 
surgical atlas in some areas but not in 
others. Notwithstanding these prob- 
lems, the general goal of presenting 
treatment options for head and neck 
cancer in one volume is achieved, and 
the book is recommended reading for 
all who work in this area. 

NATHAN W. PEARLMAN, MD 

Denver 


Evaluation and Management of Trauma, 
edited by N. E. McSwain and M. D. Kerstein, 470 
pp, with illus, $59.95, East Norwalk, Conn, Ap- 
pleton-Century-Crofts, 1986; Trauma: Emer- 
gency Service and Critical Care, edited by J. H. 
Siegel, 1206 pp, with illus, $150, New York, 
Churchill Livingstone Inc, 1987; Trauma: Clini- 
cal Care and Pathophysiology, edited by J. D. 
Richardson, H. Polk, and L. M. Flint, 597 pp, 
with illus, $65, Chicago, Year Book Medical 
Publishers Inc, 1986. 


Management of the injured sud- 
denly became a respectable profes- 
sional surgical specialty following the 
Arlie Conference in 1979, when the 
societal impact of civilian trauma be- 
came recognized. Prior to that time, 
interest in the injured was relegated 
primarily to orthopedists and a few 
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academicians interested in the meta- 
bolic response to injury. Of course, 
there were many who became involved 
in the care of the injured during war, 
but this was episodic. 

Reflecting the sudden popularity of 
and concern with civilian trauma- 
tology, there has been a veritable flood 
of textbooks dealing with trauma in 
the past five years. The three texts 
listed above all hit the market in one 
month! 

McSwain and Kerstein’s book is a 
pragmatic guide to early assessment 
and management of the severely in- 
jured as practiced in New Orleans. It 
is more than a manual but by design is 
of manageable proportions to make it 
suitable for ready reference in the 
emergency department. 

The 31 contributors are primarily 
but not exclusively from the busy 
trauma unit at Charity Hospital, New 
Orleans, and as such there is a certain 
unity of opinion in the various chap- 
ters. 

In keeping with the pragmatic ob- 
jective of the book, there are some 
excellent, simple teaching diagrams, 
illustrating mechanisms of injury and 
methods of diagnosis and treatment. A 
few of the accompanying illustrations 
with skeletons and dummies draped 
around mashed-up motorcycles and 
automobiles are more confusing than 
helpful, but in general, this is an ex- 
tremely well-illustrated book that 
fulfills its purpose as a guide to the 
early management of the injured. 

Siegel’s massive text stems from the 
Maryland Institute for Emergency 
Medical Service Systems, Baltimore. 
It serves as a supplement to the two 
volumes published a few years ago 
by R. Adams Cowley, who for years 
was the leader and doyen of the Mary- 
land Institute. One of Cowley’s books 
was a frank how-to-do-it manual; the 
other was an erudite discussion of the 
pathophysiology of trauma. Siegel’s 55 
contributors provide 37 highly refer- 
enced and well-illustrated mono- 
graphs that pursue some aspect of 
trauma in depth. Some deal with basic 
physiology, and, in the final 368 pages, 
others deal with problems of selected 
regional injury. 

Richardson and coauthors’ book, 
like Siegels, has two objectives. The 
first is to summarize the basic science 
pathophysiology of injury, and the sec- 
ond is to provide a summary of the 
advocated policies for treating the in- 
jured in the busy truama center in 
Louisville. 

Seven of the chapters in the first 
section of the book are superb in-depth 
reviews of basic science subjects relat- 
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ing to trauma. They vary in length 
from 34 to 57 pages and are sensibly 
referenced. A helpful, short, anno- 
tated list of references provides an 
overview commentary on the liter- 
ature. The chapters on host defense 
and multiple organ failure, metabolic 
response trauma, and those relating to 
burn physiology and wound repair are 
particularly good. 

The final section of 292 pages resem- 
bles other trauma texts in reviewing 
both principles and details in the man- 
agement of injuries in regional ana- 
tomic areas. 

The alert medical publishing indus- 
try has responded to the burgeoning 
interest of many surgeons and other 
specialists in the management of the 
injured. These three recent books 
are examples of many other trauma 
texts that have been published on 
the subject during the past ten to 15 


years, since the societal importance of 


trauma spurred an equivalent wide- 
spread interest in both the basic path- 
ophysiology of injury and its optimum 
means of management. 
BEN EISEMAN, MD 
Denver 


Occlusive Cerebrovascular Disease, edited 
by Thoralf Sundt, 506 pp, with illus, $85, Phila- 
delphia, WB Saunders Co, 1987. 


Occlusive Cerebrovascular Disease 
is an impressive discussion ofthe phys- 
iology, clinical evaluation, and surgical 
decision making involved in treating 
lesions affecting the cerebrovascular 
system. This work reflects the knowl- 
edge and experience gained in the 
treatment of these lesions by the staff 
of the Mayo Clinie, Rochester, Minn, 
and specifically Dr Sundt. Of the 38 
chapters in this text, all are authored 
by alumni of the Mayo Clinie, with Dr 
Sundt personally being the sole author 
of five chapters and the coauthor of an 
additional 20. The magnitude of Dr 
Sundt's contribution alone makes this 
text an impressive accomplishment. 

The book's primary focus is on the 
treatment of extracranial occlusive 
disease of the carotid artery, with 
smaller segments devoted to the vari- 
ous extracranial-intracranial bypass 
procedures and intracranial small-ves- 
sel surgery. The text includes excel- 
lent chapters on the use and interpre- 
tation of noninvasive cerebrovascular 
studies, the anesthetic and pharmaco- 
logie management of the ischemic 
brain, and several chapters discussing 
the role of anticoagulation in the treat- 
ment of various cerebrovascular le- 
sions. The text relies heavily on the 
personal experience of Dr Sundt, ad- 


vocating the routine use of the patch 
graft in performing carotid endarter- 
ectomies and the saphenous vein graft 
in extracranial-intracranial revascu- 
larization procedures. The evidence 
Dr Sundt has accumulated over the 
years to support these biases is im- 
pressive, as would be expected from an 
individual who has so totally devoted 
himselfto the study of cerebrovascular 

disease as has Dr Sundt. 
Disregarding the all-too-frequent 
references to the Mayo Clinic, Occlu- 
sive Cerebrovascular Disease is ex- 
tremely informative, provocative, and 
enjoyable to read. It should be re- 
quired reading for all of those inter- 
ested in the treatment of occlusive 

cerebrovascular disease. 
KEVIN O. LILLEHEI, MD 

Denver 


Surgery of the Gallbladder and Bile Ducts, 
edited by L. W. Way and C. A. Pellegrini, 726 pp, 
with illus, $85, Philadelphia, WB Saunders Co, 
1987. 


Every few years, a new book comes 
along that is obviously destined to be 
a classic as soon as it appears. This is 
one such book. It contains just about 
all a surgeon will want to know about 
diagnostic and operative problems of 
the gallbladder and bile ducts. Its very 
narrow focus reflects editorial sophis- 
tication. There is no distraction with 
peripheral topics. The authors, from 
around the world, were chosen for 
both their clinical expertise and their 
ability to write, summarize, refer- 
ence, and provide mature, sensible 
commentaries. 

This monograph primarily reflects 
the explosive growth in the diagnosis 
and management of biliary tract dis- 
ease that has occurred during the past 
two decades. It is an up-to-the-minute 
source of information, references, and 
clinical advice in a field of obviously 
common importance to many patients 
and a variety of specialists. 

Among the many laudable aspects 
of the text is the universal use of ob- 
jective measurements of test per- 
formance by identifying sensitivity 
and specificity. This is in harmony with 
the scholarly tone of the entire text, 
whether in dealing with the biochemis- 
try and physiology of bile secretion or 
the careful reference to operative his- 
toric priority. 

About the only criticisms I could 
find were the lack of reference to cost- 
effectiveness and the lack of cross- 
referencing of lithotripsy, which was 
succinetly summarized but hard to 
find. It was at least some satisfaction 
to me as a critic to find Lord Smith of 
Marlowe referred to by his outmoded 
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title as Sir Rodney Smith. Like a truly 
excellent ruby, there has to be a tiny 
flaw to satisfy the nitpickers who 
would otherwise think the gem syn- 
thetic. 
Predictably, this is going to be—for 
a few years—the accepted reference 
source for the many surgeons and 
other clinicians who deal with biliary 
tract disease. 
BEN EISEMAN, MD 
Denver 


Surgery of Coronary Artery Disease, edited 
by D. J. Wheatley, 669 pp, with illus, $83.20, St 
Louis, CV Mosby Co, 1986. 


Operations for coronary artery dis- 
ease constitute the majority of surgery 
for the treatment of cardiac disease in 
adults. It is appropriate, therefore, 
that a concise but informative book 
covering the whole field should be 
available. Professor Wheatley of the 
University of Glasgow, Scotland, has 
put together such a book. He has 
assembled a group of distinguished 
and experienced international authors 
who have been able to compress their 
knowledge into a volume of comfort- 
able length and size. 

Every aspect of surgery for coro- 
nary disease is discussed, and in addi- 
tion, there are good reviews of anat- 
omy, physiology, pathology, epidemi- 
ology, and investigation, including 
both invasive and noninvasive tech- 
niques. Techniques of myocardial pro- 
tection, the conduct of a bypass opera- 
tion, the handling of difficult problems 
and complications, and clinical trials 
and results all receive adequate em- 
phasis. 

The distinctions between cardiac 
surgeons and cardiologists seem to be 
fading with the development of new 
techniques for treating coronary ar- 
tery disease. The cardiac surgeon 
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Surgeons, June 12-17, Disneyland Hotel, An- 
aheim, Calif. Contact Harriette Gibson, Execu- 
tive Director, 615 Griswold, Suite 1717, Detroit, 
MI 48226. 

Western Thoracic Surgical Association, June 
22-26, Sheraton Royal, Waikoloa, Hawaii. 


September 


American Society for Surgery of the Hand, 
Sept 14-17, Stouffer Harborplace/Convention 


Arch Surg— Vol 123, June 1988 


needs to be well versed in interpreta- 
tion of the results of investigation, 
and, more and more, the cardiologist is 
becoming a technician who should be 
trained in and familiar with coronary 
artery anatomy and pathology as well 
as what can and cannot be done with 
angioplasty, bypass surgery, and other 
methods just over the therapeutic 
horizon. This book is recommended to 
cardiac surgeons and to cardiologists 
and to experienced consultants and 
trainees alike. 

BRUCE C. Paton, MD 

Denver 


Atlas of Advanced Surgery, by M. S. Litwin, 
198 pp, $95, New York, York Medical Books, 1986. 


Before writing a medical text, au- 
thors and editors should take aim on 
the target reader and decide on the 
load (content) ofthe text. A convenient 
check-off list might be as follows: 

Readers 

(1) Student 

(2) Resident 

(3) Clinical specialist 

(4) Investigator 

Content 

(a) General information 

(b) Pathophysiology 

(c) Clinieal diagnosis 
and treatment 

(d) Technical skills 

Those that attempt a smothering 
rather than directed fire and take aim 
on the entire huddled group of readers 
1 through 4 are usually doomed either 
to score only occasional hits, to writing 
multiple volumes, to failure, or to all of 
the above. 

Litwin, as a mature clinical surgeon 
with admirable restraint, focuses this 
book on sections 3 and d above. It is, 
except for a few imperfections, a pure 
surgical atlas. It starts where most 
atlases stop being designed for experi- 
enced general abdominal surgeons 


Center, Baltimore. 

New England Surgical Society, Sept 16-18, 
Bonaventure Hilton, Montreal. 

New England Society for Vascular Surgery, 
Sept 16-18, Bonaventure Hilton, Montreal. 

Society of Thoracic Surgeons, Sept 25-28 (An- 
nual Meeting), New Orleans Convention Center, 
New Orleans. 

American Society for Head and Neck Surgery, 
Sept 25-29, Convention Center, Washington, 
DC. 


October 


American Society of Plastic and Reconstruc- 
tive Surgeons Inc, Oct 2-7, Sheraton Centre/ 
Convention Center, Toronto. 

American College of Chest Physicians, Oct 3- 


who seek help in the technical niceties 
of procedures that require particular 
technical skill, judgment, and experi- 
ence. The 42 surgeons who contribute 
36 chapters as authors are all interna- 
tionally known specialists expert in 
the operating room performance of the 
procedures they describe. They are 
kept to a lean text that primarily de- 
scribes, within three to six pages, the 
illustrative procedures. At the end of 
each chapter, there are a few para- 
graphs entitled “Complications and 
Alternatives" and a final paragraph on 
comments that deviates slightly from 
the purity of an atlas. These com- 
ments, largely because of forced brev- 
ity, are less valuable than the illustra- 
tions and the descriptive text. 

The drawings, adapted from 1l il- 
lustrators, are, with few exceptions, 
worthy of the highest accolade possi- 
ble for a surgical atlas: simple and self- 
explanatory. 

Choice of subject matter is interest- 
ing. What currently is considered ad- 
vanced surgery? Litwin devotes 14 
chapters (89% of the book) to proce- 
dures clustered around the gastro- 
esophageal junction. Other chapters 
deal with pancreatic procedures and 
the bloody battleground of the hepatic 
hilum. Recently developed procedures 
to achieve ileostomy and rectal conti- 
nence following low resections are also 
well covered. It is interesting that all 
vascular procedures are ignored as 
though this were turf no longer ger- 
mane to general surgeons. 

This compact atlas will be helpful to 
well-qualified general surgeons when 
they, with relief and anticipation, pre- 
pare for a challenging operation that 
takes them out of their routine familiar 
bread-and-butter abdominal opera- 
tions. 

BEN EISEMAN, MD 
Denver 


7, Anaheim, Calif. 

American Association for the Surgery of 
Trauma, Oct 6-8, Westin South Coast Plaza, 
Costa Mesa, Calif. 

American Society of Anesthesiologists, Oct 8- 
12, Hilton & Towers/Mosconi Center, San Fran- 
cisco. 

American College of Surgeons, Oct 23-28, 
Hilton & Towers/McCormick Place, Chicago. 


November 


Southern Thoracic Surgical Association, Nov 
10-12, Marriott, Marco Island, Fla. 

Western Surgical Association, Nov 13-16, Cor- 
onado, Calif. 

Association for Academic Surgery, Nov 16-19, 
Salt Lake City. 
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THE SURGERY BOARDS REVIEW COURSE 
October 12-18, 1988 — Chicago 
Now, a special update for your written and oral or recertification exams 
Sponsored by the Osler Institute 
OBJECTIVES 
e To increase knowledge of surgical principles and practice 


* To prepare candidates to pass written and oral board exams 
* To provide a comprehensive review for recertification 


METHODS 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions and answers with assignments 
e SEMINAR with projection slides and syllabus 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, not 


only from world-famous authorities but from people who are relatively unknown as well."* "Accommodations were comfortable..." 


P.O. Box 2218 


788 


1094 Dawn Lane, Dept. G6 


Terre Haute, IN 47802 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


[] October 1989 


[C] Check enclosed for $ 


[] Please send more information 


ldeushkasacencaondcdbebseumeMM E Ue 


GOALS AND LOCATION: The course 


bo giat: Ue recette. Dani. Ms xui 
questions are sent upon registration. 
BASIC SURGERY GENERAL SURGERY SPECIAL SURGERY Your best buy is to repeat the course just 
: . before written or recertification exams in 
rts lo Somena Tract tT October. The October course is the week 
IIO YEOSORY sopnagus est Wa /P eura before the exam in one of the exam cities 
Physiology P Lung/Mediastinum — Chicago. The course will be held at the 
Body Fluids AEN 1x Cardiac Surgery best combination of luxury accommoda- 
Electrolytes oiron Condenital Flani tions and bargain rates. Our previous 
Acid-Base Rectum and Anus Bt courses at Hiltons, Hyatts, Marriott, 
Blhadiesses Per ane Acquired Heart Adam’s Maik, and Medd tinne at 
Metabolic Response Live? Vascular Surgery or below $70 single and $84 double. 
Wound Healing Gallbladder E. E r war peer "and those little extras...."* 
e Pancreas eripnera ter les. i 
Rati. Spleen Veins and Lymphatics | SP group discount airfares below 
Shock me Peritonitis Orthopedic Surgery super saver rates. Please wait for in- 
Resuscitation Abdominal Abscess Bone Disease structions before buying travel tickets. 
Bleeding Abdominal Wall F 
Transfusion Retroperitoneum J ede d "the most education for the money."* 
e o oin isorders 
Neoplasia Abdominal Hernias A mputations FEES AND C.M.E. CREDITS: 

e Breast e C.M.E. Credit: 65 hours 
Transplantation i Hand Surgery e Resident and Fellow: $460 
Trauma Skin Hand Anatomy | ° Practicing eaa i y 

Burns Head and Neck Hand Injuries Kc Ung s spar RM .$ 90 
Head Iniuri "A Congenital Hand epeating other times within 3 years: 
ead injuries atomy e Add 10% for Oct. '88 after Sept. 30, 1988. 
Surgical Care Tumors Pediatric Surgery e Attendees not in course hotel add $8/day. 
Pre- and post-o Trauma X e Fees include no lodging or meals. 
SEP p . Urologic Surgery e $50.00 will reserve your position. 
Nutrition Endocrine Ne ae i ge k: 

; zac : . y materials will be mailed « 
Patient Monitoring ^ Thyroid Gynecologic Surgery after half of registration fee is received. 
Complications Parathyroid Nicvostndd 
Medical Problems Pituita Bery "home study materials was extremely helpful."* 
Infections Adrena Plastic Surgery CANCELLATIONS: Refunds, subject to $50 


charge, will be made until the seminar begins. 
e Cancellations after mailing most home 
study material will require retention of 


Name 1/2 of the fee. 
Address " remarkably complete and pleasent."* 
City/State/Zip INFORMATION: 
d Joseph H. Selliken, Jr., M.D. 
Phone For: [] October 12-18, 1988 THE SURGER Y REVIEW COURSE 
: [] Spring 1989 1094 Dawn Lane, Terre Haute, IN 47802 
Mail today to: (812) 299-5658 


"I feel [the course] helped me pass the boards."* 


*Comments by participants of our courses 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 


CEFOTAN... 


(cefotetan disodium) 


Does so much for so much less than cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
9. ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and £ coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus: (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonic, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae), Strepto- 
coccus Species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus. 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated 
CONTRAINDICATIONS 
E td contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had ous hy nsitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require — and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by ere sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ey of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 





CEFOTAN® (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected. and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 Ada se IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


"Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
>30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
«10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light 
1gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 


Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 


Wilmington, Delaware 19897 Rev E 3/86 
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information for indicated organisms. 
Division of ICI Americas Inc. 
Wilmington, Delaware 19897 
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Please see adjacent page for 
brief summary of prescribing 
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PROGRAM OF THE PACIFIC COAST SURGICAL ASSOCIATION—1988 
Medical Advances During the Civil War F. W. Blaisdell 
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Presentation of the Murphy Gavel W. F. Barker 
Experience With the Endorectal Ileal Pullthrough With Lateral Reservoir for 
Ulcerative Colitis and Polyposis E. W. Fonkalsrud, M. Stelzner, N. McDonald 
The Treatment of Breast Cancer C. G. Peterson 
Nonanatomic Hepatic Resection for Secondary Hepatic Tumors With Special 
Reference to Hemostatic Technique D. A. Brown, R. F. Pommier, 
E. A. Woltering, W. S. Fletcher 
Indolent Presentation of Pancreatic Abscess A. S. Fink, J. R. Hiatt, H. A. Pitt, 


R. S. Bennion, L. R. DeSouza, R. D. McCoy, J. H. Meyer, 
J. E. Thompson, Jr, J. L. Webster, S. E. Wilson 


Clinical Implications of Procoagulant and Leuko-attractant Formation During 
Intraoperative Blood Salvage M. H. Bull, B. S. Bull, G. S. Van Arsdell, L. L. Smith 


J Practical Aspects in the Diagnosis and Management of Cystosarcoma 
Phyllodes J. Hart, L. J. Layfield, W. E. Trumbull, D. Brayton, W. F. Barker, A. E. Giuliano 


Effect of Total Parenteral Nutrition on Hepatic Histology B. M. Wolfe, B. K. Walker, 
: D. B. Shaul, L. Wong, B. H. Ruebner 


Surgical Resection for Metastatic Melanoma to the Lung J. H. Wong, D. M. Euhus, 
D. L. Morton 


Mediastinal Parathyroid Tumors O. H. Clark 


Diagnostic and Surgical Implications of Child Abuse — D. J. Ledbetter, E. I. Hatch, Jr, 
K. W. Feldman, C. L. Fligner, D. Tapper 


The Role of Arterial Reconstruction in Penetrating Carotid Injuries F. A. Weaver, 
A. E. Yellin, W. H. Wagner, S. H. Brooks, A. A. Weaver, M. A. Milford 


Required Surgical Therapy in the Pediatric Patient With Dermatomyositis 
E. C. Downey, ur, M. M. Woolley, V. Hanson 


Resection of Malignant Bone Tumors of the Pelvic Girdle Without Extremity 


Amputation J. F. Huth, J. J. Eckardt, G. Pignatti, F. R. Eilber 
Improved Treatment of Intra-abdominal Abscess C. W. Deveney, K. Lurie, 
K. E. Deveney 


Complications of Prematurity That May Require Surgical Intervention 
M. Z. Schwartz, S. B. Palder, K. R. T. Tyson, C. C. Marr 


Selective Management of Abdominal Stab Wounds R. M. Shorr, M. M. Gottlieb, 
K. Webb, L. Ishiguro, T. V. Berne 
Early Fluid Requirements in Trauma Patients M. J. Vassar, J. Moore, C. A. Perry, 


J. Spisso, J. W. Holcroft 
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Once for poph,la. 1... 
once-daily for cure. 





Just 1 gm, once each procedure, is the prophylactic is the same as the daily theraputic dosage... easy 
dose- even if surgery* is delayed or prolonged. And and economical. 

just 1 gm, once a day, is the therapeutic dose for 
postsurgical infections (including respiratory tract or 
skin/skin structure infections due to Staphylococcus 
aureus, Klebsiella pneumoniae and Proteus mirabilis). * In contaminated or potentially contaminated procedures (e. g., vaginal 


Once-a-day ROCEPHIN: Mean to pathogens, lean 
on your budget, clean with patients. 


: : & or abdominal hysterectomy), and for patients in whom infection at 
Unlike any other cephalosporin, the ROCEPHIN the operative site would present serious risk (e. g., coronary artery bypass 
(ceftriaxone sodium/Roche) prophylactic dosage graft [CABG] surgery). 


Once-a-day 


Rocephin, M 


ceftriaxone sodium/Roche 





As with any cephalosporin, there exists the 
possibility of hypersensitivity reactions, especially 
in individuals with a history of sensitivity. 


~ 


Copyright © 1988 by Hoffmann-La Roche Inc. All rights reserved Please see adjacent page for summary of product information 
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Roce hi VIM 


ceftriaxone sodium/Roche 


Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infec- 
tions when caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Strepto- 
coccus species (excluding enterococci), Staph. aureus, H. influenzae, H. parainflu- 
enzae, Klebsiella species (including K. pneumoniae), E. coli, E. aerogenes, Proteus 
mirabilis and Serratia marcescens. 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epider- 
midis, Streptococcus species (excluding enterococci), E. cloacae, Klebsiella species 
(including K. pneumoniae), Proteus mirabilis and Pseudomonas aeruginosa 

URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, 
Proteus mirabilis, Proteus vulgaris, M. morganii and Klebsiella species (including 
K. pneumoniae). 

UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria 
gonorrhoeae, including both penicillinase and nonpenicillinase producing strains 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. in- 
fluenzae and K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Strep- 
tococcus species (excluding enterococci), E. coli, P mirabihs, K. pneumoniae and 
Enterobacter species. 

INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 

MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Cef- 
triaxone has also been used successfully in a limited number of cases of meningitis and 
shunt infections caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may re- 
duce incidence of postoperative infections in patients undergoing surgical procedures 
Classified as contaminated or potentially contaminated (e.g., vaginal or abdominal hys- 
terectomy) and in those for whom infection at the operative site presents serious risk 
(e.g., during coronary artery bypass surgery). 

Although ceftriaxone has been shown to have been as effective as cefazolin in the pre- 
vention of infection following coronary artery bypass surgery, no placebo-controlled trials 
have been conducted to evaluate any cephalosporin antibiotic in the prevention of infec- 
tion following coronary artery bypass surgery. When administered before indicated sur- 
gical procedures, a single 1 gm dose provides protection from most infections due to 
susceptible organisms for duration of procedure. 

SUSCEPTIBILITY TESTING: Before instituting treatment with Rocephin, appropriate 
specimens should be obtained for isolation of the causative organism and for determi- 
nation of its susceptibility to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with known allergy to the 
cephalosporin class of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HY- 
PERSENSITIVITY REACTIONS TO CEPHALOSPORINS. PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PA- 
TIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE THE USE 
OF SUBCUTANEOUS EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, itis important to consider its diagnosis in patients 
who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile 
is one primary cause of antibiotic-associated colitis. Cholestyramine and colestipol 
resins have been shown to bind to the toxin in vitro 

Mild cases of colitis respond to drug discontinuance alone. Moderate to severe cases 
should be managed with fluid, electrolyte and protein supplementation as indicated. 
When the colitis is not relieved by drug discontinuance or when it is severe, oral vanco- 
mycin is the treatment of choice for antibiotic-associated pseudomembranous colitis pro- 
duced by C. difficile. Other causes of colitis should also be considered. 

Rarely, shadows suggesting sludge have been detected by sonograms of the gallblad- 
der in asymptomatic and symptomatic patients. This appears to be reversible on discon- 
tinuation of therapy. In a few symptomatic patients receiving higher than usual doses, 
who underwent surgery, sludge containing traces of ceftriaxone was recovered from sur- 
gical specimens. Discontinue therapy in patients who develop signs or symptoms 
suggestive of gallbladder disease; consider conservative management. 

PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine 
have been observed, at the recommended dosages, the nephrotoxic potential of 
Rocephin is similar to that of other cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology) 
Therefore, patients with renal failure normally require no adjustment in dosage when usu- 
al doses of Rocephin are administered, but concentrations of drug in the serum should 
be monitored periodically. If evidence of accumulation exists, dosage should be de- 
creased accordingly. 

Dosage adjustments should not be necessary in patients with hepatic dysfunction; how- 
ever, in patients with both hepatic dysfunction and significant renal disease, Rocephin 
dosage should not exceed 2 gm daily without close monitoring of serum concentrations 
Alterations in prothrombin times have occurred rarely in patients treated with Rocephin 
Patients with impaired vitamin K synthesis or low vitamin K stores (e.g.. chronic hepatic 
disease and malnutrition) may require monitoring of prothrombin time during Rocephin 
treatment. Vitamin K administration (10 mg weekly) may be necessary if the prothrombin 
time is prolonged before or during therapy 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms 
Careful observation of the patient is essential. If superinfection occurs during therapy. 
appropriate measures should be taken. 

Rocephin should be prescribed with caution in individuals with a history of gastrointes- 
tinal disease, especially colitis 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis 
Considering the maximum duration of treatment and the class of the compound. carcin- 
ogenicity studies with ceftriaxone in animals have not been performed. The maximum 





ROCEPHIN® (ceftriaxone sodium/Roche) 


duration of animal toxicity studies was six months 

Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a 

test for chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone 

Ceftriaxone showed no potential for mutagenic activity in these studies. 

Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intra- 

venously to rats at daily doses up to 586 mg/kg/day, approximately 20 times the recom- 

mended clinical dose of 2 gm/day. 

PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have 

been performed in mice and rats at doses up to 20 times the usual human dose and have 

no evidence of embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotox icity 

or teratogenicity was demonstrated at a dose approximately three times the human dose 

There are, however, no adequate and well-controlled studies in pregnant women. Be- 

cause animal reproductive studies are not always predictive of human response. this 

drug should be used during pregnancy only if clearly needed 

Nonteratogenic Effects: In rats, in the Segment I (fertility and general reproduction) and 

Segment III (perinatal and postnatal) studies with intravenously administered ceftriax- 

one, no adverse effects were noted on various reproductive parameters during gestation 

and lactation, including postnatal growth, functional behavior and reproductive ability of 

the offspring. at doses of 586 mg/kg/day or less. 

NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk 

Caution should be exercised when Rocephin is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates. infants and children 

have been established for the dosages described in the Dosage and Administration sec- 

tion. /n vitro studies have shown ceftriaxone, like some other cephalosporins, can 

displace bilirubin from serum albumin. Exercise caution before administration to hyper- 

bilirubinemic neonates, especially prematures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following 

adverse reactions, which were considered to be related to Rocephin therapy or of uncer- 

tain etiology. were observed: 

LOCAL RE ACTIONS — pain, induration or tenderness at the site of injection (196) Less 

frequently reported (less than 1%) was phlebitis after I. V. administration. 

HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, 

fever or chills 

HEMATOLOG/C—eosinophilia (6%). thrombocytosis (5.1%) and leukopenia (2 196) Less 

frequently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombo- 

cytopenia and prolongation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were 

nausea or vomiting, and dysgeusia. 

HEPATIC—elevations of SGOT (31%) or SGPT (3.3%). Less frequently reported (less 

than 1%) were elevations of alkaline phosphatase and bilirubin. 

RENAL —elevations of the BUN (1.2%). Less frequently reported (less than 1%) were 

elevations of creatinine and the presence of casts in the urine. 

CENTRAL NERVOUS SYSTEM—headache or dizziness were reported occasionally 

(less than 1%). 

GENITOURINARY —moniliasis or vaginitis were reported occasionally (less than 1%) 

a ere OUS—diaphoresis and flushing were reported occasionally (less than 

1% 

Other rarely observed adverse reactions (less than 0.1%) include leukocytosis, lympho- 

cytosis, monocytosis, basophilia, a decrease in the prothrombin time, jaundice, gallblad- 

der sludge. glycosuria, hematuria, anaphylaxis, bronchospasm, serum sickness. 

abdominal pain, colitis, flatulence. dyspepsia, palpitations and epistaxis. 

DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramus- 

cularly. The usual adult daily dose is 1 to 2 gm given once a day (or in equally divided 

doses twice a day) depending on the type and severity of the infection. The total daily 

dose should not exceed 4 grams 

For the treatment of serious miscellaneous infections in children, other than meningitis, 

the recommended total daily dose is 50 to 75 mg/kg (not to exceed 2 grams). given in 

divided doses every 12 hours. 

Generally. Rocephin therapy should be continued for at least two days after the signs and 

symptoms of infection have disappeared. The usual duration is 4 to 14 days; in compli- 

cated infections longer therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to exceed 4 grams). given 

in divided doses every 12 hours, should be administered with or without a loading dose 

of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose 

of 250 mg is recommended 

For preoperative use (surgical prophylaxis). a single dose of 1 gm administered 1/2 to 2 

hours before surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be contin- 

ued for at least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic func- 

tion; however, blood levels should be monitored in patients with severe renal impairment 

(e.g.. dialysis patients) and in patients with both renal and hepatic dysfunctions 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline 

powder in glass vials and piggyback bottles. The following packages are available 

Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of ceftriaxone: piggyback bot- 

tles containing 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers con- 

taining 10 gm equivalent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriax- 

one sodium in 50 mL single dose plastic containers,t as follows: 

1 gm equivalent of ceftriaxone. iso-osmotic with approximately 1.9 gm dextrose hydrous, 

USP added 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, 

USP added 

NOTE: Rocephin in the frozen state should not be stored above -20*C 

"Registered trademark of Abbott Laboratories, Inc. 

Manufactured for Roche Laboratories. Division of Hoffmann-La Roche Inc.. by Travenol 
Laboratories, Inc., Deerfield, Illinois 60015 P.I. 0587 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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SCOUTING ron FOOD 


More than 20 million Americans, including four hopefully, will be full of non-perishable food. 
million children, go hungry at some time each The food items will later be turned over to local 
month. There are more hungry people in America agencies for distribution. 
now than at any time in the last 25 years. Obviously, the more support you give this 
On November 12, the Boy Scouts program the more successful it will 
Meg will e dropping bags be. So iod a i aieo of 
off at homes throughout your : the Boy Scouts of America calls on 
community. On November 19, the rn (eee you, do all you can to help the 
Boy Scouts will return to those SCOUTING For FOOD Boy Scouts bag it. Participate in 
homes and pick up the bags that, Scouting for Food. 
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SURGERY 
UNIVERSITY OF ARIZONA 


The University of Arizona College of Medicine is 
seeking a nationally renowned, highly qualified aca- 
demic surgeon to head the Department of Surgery 
in Tucson, Arizona. 


The College of Medicine has recently recruited a new 
dean who is committed to strengthening the ongoing 
commitment to excellence in education, research, 
and patient care in clinical departments. Significant 
opportunities exist to the new Head to participate 
in this process. 


Applications and nominations should be directed to 
Burnell R. Brown, Jr., M.D., Ph.D., Chairman Surgery 
Search Committee, c/o Marilyn Heins, M.D., Secretary 
Search Committee, University of Arizona College of 
Medicine, Tucson, Arizona 85724. The Committee will 
begin considering applications on September 1, 1988, 
but will accept applications and nominations until 
November 1st, 1988. 

Applications should include a curriculum vitae with 


complete address and telephone number, along with 
the names of at least three references. 





Bring your outstanding surgical skills to the Southern 
California Permanente Medical Group and experience the 
freedom to focus on patient work. Not paperwork. 

We are an HMO multispecialty group practice — a part- 
nership composed of and managed by SCPMG physicians. 

Opportunities are available for board eligible/certified 
General Surgeons at several Kaiser Permanente Medical Centers 
throughouut Southern California. 

Consider the advantages: the finest equipment and latest 
technology; the availability of consultations with other physicians 
of distinction; and a broad network of exceptional support per- 
sonnel backed by the resources of one of the nation's leading 
HMO's. 

Our compensation is competitive and benefits are outstan- 
ding. They include: professional liability, medical and dental 
coverage, vacation and sick leave, continuing education, life 
insurance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call (818) 405-3224 or 
send your curriculum vitae to: Physician Recruitment, Dept. 
7IE8, Walnut Center, Pasadena, CA 91188-8854. 


Equal Opportunity Employer 


KA 


IKAISER PERMANENTE 
Good People. Good Medicine. 
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(hydrocodone bitortrote 5 mg [Warning May be habit forming| 
and acetaminophen 500 mg) 





INDICATIONS AND USAGE: For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or hydrocodone. 
WARNINGS 


Allergic-Type Reaction: VICODIN contains sodium metabisulfite, a sulfite that 
may cause allergic-type reactions induding anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain susceptible people. 
The overall prevalence of sulfite sensitivity in the general population is 
unknown and probably low. Sulfite sensitivity is seen more frequently in asth- 
matic than non-asthmatic people. 

i >r i EA high doses en i» pem pear wnt 
may produce respiratory ion by acting directly on brain 
stem respiratory centers. Hydrocodone also affects centers that control respi- 
ratory rhythm, and may produce irregular and periodic breathing. If signifi- 
cant respiratory depression occurs, it may be antagonized by the use of 
naloxone hydrochloride. (see ADVERSE REACTIONS: Respiratory Depression). 
Head Injury and Increased Intracranial Pressure: The respiratory depressant 
effects of narcotics and their capacity to elevate cerebrospinal fluid pressure 
| be markedly exaggerated in the presence of head injury, other intracra- 
nial lesions or a preexisting increase in intracranial pressure. Furthermore, 
narcotics produce adverse reactions which may obscure the dinical course of 


patients with head injuries. 

Acute Abdominal Conditions: The administration of narcotics may obscure 
the diagnosis or clinical course of patients with acute abdominal conditions. 
PRECAUTIONS: 


Special Risk Patients: As with any narcotic analgesic agent, VICODIN should be 
used with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's disease, 
prostatic hypertrophy or urethral stricture. The usual precautions should be 
observed and the possibility of respiratory depression should be kept in mind. 
Information for Patients: VICODIN, like all narcotics, may impair the mental 
and/or physical abilities required for the performance of potentially hazard- 
ous such as driving a car or operating machinery; patients should be 
cautioned accordingly. 

Cough Reflex: jeu suppresses the cough reflex; as with all narcotics, 
caution should be exercised when VICODIN is used postoperatively and in 
patients with pulmonary disease. 

Drug Interactions: Patients receiving other narcotic analgesics, antipsychotics, 


antianxiety agent, or other CNS — (induding alcohol) concomi- 
tantly with VICODIN may exhibit an additive CNS depression. When combined 
therapy is contemplated, the dose of one or both agents should be reduced. 
The use of MAO inhibitors or tricydic antidepressants with hydrocodone prep- 
arations may increase the effect of either the antidepressant or hydrocodone. 
Ne ua use of anticholinergics with hydrocodone may produce para- 
ic ileus. 
Usage in Pregnancy: Pregnancy Category C. Hydrocodone has been shown to 
be teratogenic in hamsters when given in doses 700 times the human dose. 
There are no adequate and well-controlled studies in pregnant women. 
VICODIN should be used during pregnancy only if the potential benefit justi- 
fies the potential risk to the fetus. 
ic effects: Babies born to mothers who have been taking opioids 
regularly prior to delivery will be physically dependent. The withdrawal signs 
indude irritability and excessive crying, tremors, hyperactive reflexes, increased 
respiratory rate, increased stools, sneezing, yawning, vomiting, and fever. The 
ve of the syndrome does not always correlate with the duration of 
material opioid use or dose. There is no consensus on the best method of 
apy withdrawal. Chlorpromazine 0.7 to 1.0 mg/kg q6h, and paregoric 2 
to 4 drops/kg qh, have been used to treat withdrawal symptoms in infants. 
The duration of therapy is 4 to 28 days, with the dosage decreased as tolerated. 
Labor and Delivery: As with all narcotics, administration of VICODIN to the 
mother shortly before delivery may result in some degree of respiratory 
depression in the newborn, especially if higher doses are used. 
ing Mothers; It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential 
for serious adverse reactions in nursing infants from VICODIN, a decision should 
be made whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: 
Central Nervous System: Sedation, drowsiness, mental clouding, enay 
impairment of mental and physical performance, anxiety, fear, dysphoria, diz- 
ziness, psychic — mood changes. 
Gastrointestinal System: Nausea and vomiting may occur; they are more fre- 
quent in ambulatory than in recumbent patients. The antiemetic phenothi- 
azines are useful in suppressing these effects; however, some phenothiazine 
derivatives seem to be antianalgesic and to increase the amount of narcotic 
required to produce pain relief, while other phenothiazines reduce the amount 
of narcotic required to produce a given level of analgesia. Prolonged adminis- 
tration of VICODIN may produce constipation. 
Genitourinary System: Ureteral spasm, spasm of vesical sphincters and urinary 
retention have been reported. 
Respiratory : (See WARNINGS.) 
DOSAGE AND ADMINISTRATION: Dosage should be adjusted according to the 
severity of the pain and the response of the patient. However, tolerance to 
rocodone can develop with continued use and the incidence of untoward 
is dose related. 
The usual adult dosage is one or two tablets every four to six hours as needed 
for pain. The total 24 hour dose should not exceed 8 tablets. 


Revised June, 1987 5803 


Knoll Pharmaceuticals 
A Unit of BASF K&F Corporation 
Whippany, New Jersey 07981 


BASF Group Knoll 
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Freedom 


rom pain 
Just one part of 
pain relief therapy. 


> Vicodin^ provides greater 
qe acceptance 


COMPARATIVE PHARMACOLOGY OF THREE ANALGESICS 


RESPIRATORY PHYSICAL 
CONSTIPATION DEPRESSION SEDATION EMESIS DEPENDENCE 


HYDROCODONE 
CODEINE 
OXYCODONE 


Blank space indicates that no such activity has been reported. 

Table adapted from Facts and Comparisons RU [0] B 1984 and Catalano RB. The 
medical approach to management of pain caused by cancer. “Semin Oncol” 1975 
2; 379-92 and Reuler JB, et. al. The chronic pain syndrome: misconceptions and 
management. “Ann Intern Med” 1980; 93; 588-96 

€ Vicodin offers: less nausea, less sedation, less 


constipation. 


...and longer lasting pain relief- 
up to 6 hours. 


¢ Vicodin containshydrocodonenotcodeine.lIn 
one study, 10 mg. of hydrocodone alone was 
shown to be as effective as 60 mg. of codeine. 


¢ In a double-blind study, Vicodin (2 tablets), 
provided longer lasting pain reliefthan 60mg. 
of codeine? 


Plus... 


¢ Vicodin offers the convenience of CIII 
prescribing. 


¢ Dosage flexibility — 1 tablet every 4 to 6 hours 
or 2 tablets every 4 to 6 hours (up to 8 tablets in 
24 hours). 


1. Hopkinson JH III: Curr Ther Res 24: 503-516, 1978 
2. Beaver, WT Arch Intern Med, 141:293-300, 1981 


hydrocodone bitartrate 5 mg. (Warning: May be habit 
forming) and acetaminophen 500 mg 


The original hydrocodone analgesic. 


Please see adjacent page for brief summary of prescribing informatior 
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PAPERS READ BEFORE THE 59TH ANNUAL MEETING OF THE PACIFIC COAST 
SURGICAL ASSOCIATION, SAN FRANCISCO, FEB 21 TO FEB 24, 1988 


Medical Advances During the Civil War: 


Presidential Address ............................. eese 


F. William Blaisdell, MD, Sacramento, Calif 


Presentation of the Murphy Gavel .......................... 


Wiley F. Barker, MD, Los Angeles 
Experience With the Endorectal Ileal Pullthrough With 


Lateral Reservoir for Ulcerative Colitis and Polyposis ...... 


Eric W. Fonkalsrud, MD; Matthias Stelzner, MD; Nancy McDonald, RN, Los Angeles 
A short lateral reservoir constructed after colectomy produces the best results. 


The Treatment of Breast Cancer: Il. A 20-year Follow-up and 
Reappraisal of the En Bloc Principle ....................... 


Clare G. Peterson, MD, Portland, Ore 


The magnitude, completeness, and quality of an en bloc operation were important for survival. 


Nonanatomic Hepatic Resection for Secondary Hepatic 


Tumors With Special Reference to Hemostatic Technique . .. 
David A. Brown, MD; Rodney F. Pommier, MD; Eugene A. Woltering, MD; 


William S. Fletcher, MD, Portland, Ore 


Nonanatomic resections were associated with less blood loss, shorter operations and 


hospital stay, and no differences in long-term survival. 
Indolent Presentation of Pancreatic Abscess: 


Experience With 100 Cases ....................Luuuuss 


Aaron S. Fink, MD, Jonathan R. Hiatt, MD, Los Angeles; Henry A. Pitt, MD, Baltimore; 
Robert S. Bennion, MD; Luis R. DeSouza, MD; Robin D. McCoy, MPH; James H. Meyer, MD; 
Jesse E. Thompson, Jr, MD; Joseph L. Webster, MD; Samuel E. Wilson, MD, Los Angeles 

Many patients had no abdominal tenderness and normal amylase determinants and 


white blood cell counts. 


Clinical Implications of Procoagulant and Leuko-attractant 
Formation During Intraoperative Blood Salvage ............ 


Maureen H. Bull, MD; Brian S. Bull, MD; Glen S. Van Arsdell, MD; Louis L. Smith, MD, Loma Linda, Calif 
A number of recommendations are made to reduce the procoagulant 


and leukoattractant material during autologous blood salvage. 


Practical Aspects in the Diagnosis and Management of Cystosarcoma Phyllodes .............................. 1079 
John Hart, MD; Lester J. Layfield, MD; William E. Trumbull, MD; Donald Brayton, MD; 


Wiley F. Barker, MD; Armand E. Giuliano, MD, Los Angeles 


Benign and malignant cystosarcoma phyllodes may be treated 


by wide local excision with tumor-free margins. 


Effect of Total Parenteral Nutrition on Hepatic Histology .... 


Bruce M. Wolfe, MD; Brian K. Walker, MD; Donald B. Shaul, MD; 

Lester Wong, MD; Boris H. Ruebner, MD, Sacramento, Calif 
Prior liver disease, renal failure, and abdominal sepsis, 
but not TPN, produced liver histopathology. 


Surgical Resection for Metastatic Melanoma to the Lung ... 


Jan H. Wong, MD; David M. Euhus, MD; Donald L. Morton, MD, Los Angeles 


In selected patients with melanoma metastatic to the lung, 
resection provided a 2596 five-year survival rate. 


nnn esses 


The ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid 
at Chicago, IL 60610 and at additional mailing office. 


SUBSCRIPTION RATES—The subscription rates for the Archives of Sur- 
gery are as follows: $40 for one year, $70 for two years in the United States 
and US possessions; all other countries, one year, $52; two years, $96 (add 
$15 surcharge for each one-year subscription, $30 for two years for air 
delivery to the United Kingdom, Europe, Bangladesh, India, Nepal, or Sri 
Lanka). Rates for subscriptions for delivery to Australia, Japan, New 
Zealand, or South Korea are available through respective agents. Special 
rates for residents and medical students in the United States and US 
possessions are available. Address inquiries to the American Medical 
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the ARCHIVES OF SURGERY to Caryl L. Wertheimer, Director of Fulfillment, 
535 N Dearborn St, Chicago, IL 60610. Notification of address change must 
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a recent mailing label, and your new zip code. 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been 
reviewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. 
The appearance of advertising in AMA publications is not an AMA guarantee 
or endorsement of the product or the claims made for the product by the 
manufacturer. 


1033 


CONTENTS—Continued 


Mediastinal Parathyroid Tumors 
Orlo H. Clark, MD, San Francisco 
Awareness of the potential position of parathyroid glands 
in the mediastinum should decrease missed glands. 


Diagnostic and Surgical Implications of Child Abuse .......00.0 00000 occ cece ccc cece suu 1101 
Daniel J. Ledbetter, MD; Edwin |. Hatch, Jr, MD; Kenneth W. Feldman, MD; 
Corinne L. Fligner, MD; David Tapper, MD, Seattle 
Child abuse should be suspected when young 
children have unexplained hollow viscus injuries. 


The Role of Arterial Reconstruction in Penetrating Carotid Injuries..................... 20... cece cece cece. 1106 
Fred A. Weaver, MD; Albert E. Yellin, MD; Willis H. Wagner, MD; 
Samuel H. Brooks, ScD; Arthur A. Weaver; Mark A. Milford, MD, Los Angeles 
Arterial reconstruction is the best treatment for all carotid injuries. 


Required Surgical Therapy in the Pediatric Patient With Dermatomyositis ..................................--. 1117 
Earl C. Downey, Jr, MD; Morton M. Woolley, MD; Virgil Hanson, MD, Los Angeles 
Surgical therapy may be necessary in patients with dermatomyositis 
because of bowel perforations, abscesses, and calcific deposits. 


Resection of Malignant Bone Tumors of the Pelvic 
E UTAMIGMEON 5, o's. 0.5 « kedas sez cabenscdaet ct bale Sears o's do denl ted d: oci tr n se d 1121 
James F. Huth, MD; Jeffrey J. Eckardt, MD; Giovanni Pignatti, MD; Frederick R. Eilber, MD, Los Angeles 
When wide local excision or internal hemipelvectomy without 
amputation was possible, the results were quite satisfactory. 


Improved Treatment of Intra-abdominal Abscess: A Result of Improved 
Localization, Drainage, and Patient Care, Not Technique ............................uuuuseeeee rre 1126 
Clifford W. Deveney, MD, Portland, Ore; Kevin Lurie, MD, Detroit; Karen E. Deveney, MD, Portland, Ore 
The important thing about treating abscesses is drainage—however you do it. 


Complications of Prematurity That May Require Surgical Intervention ................................uuuueess 1135 
Marshall Z. Schwartz, MD; Steven B. Palder, MD; Kenneth R. T. Tyson, MD; Clifford C. Marr, MD, Sacramento, Calif 
A patent ductus arteriosus and necrotizing enterocolitis 
occurring together is associated with a high mortality. 


Selective Management of Abdominal Stab Wounds: Importance of the Physical Examination .................. 1141 
Robert M. Shorr, MD; Michael M. Gottlieb; Kenneth Webb, RN; 
Leonard Ishiguro; Thomas V. Berne, MD, Los Angeles 
Repeated physical examinations help in the management of abdominal stab wounds. 


Early Fluid Requirements in Trauma Patients: 
EN M MVulubandWorigity.:.1,.. 5... EE AT ot bce rior dev e ter aure ia E t 1149 
Mary J. Vassar, MS; Jeff Moore, MD; Colleen A. Perry, RN; 
Johnese Spisso, RN; James W. Holcroft, MD, Sacramento, Calif 
A large positive fluid balance in the first 24 hours after injury 
was associated with a greater likelihood of pulmonary failure and death. 


EE MUN | Ny. 241 125 dhlie reapse o:bin'g G0 Ge oc atte emi o o pare NES volo emer hee 1158 
Sandra L. Beal, MD, Johnese M. Spisso, RN, Sacramento, Calif 
Following splenorrhaphy in 119 patients, 11 patients 
required blood transfusions, reoperation, or splenectomy. 


Limb Salvage in End-Stage Renal Disease (ESRD): 
Comparison of Modern Results in Patients With and Without ESRD ...............................ssee nne 1164 
James M. Edwards, MD; Lloyd M. Taylor, Jr, MD; John M. Porter, MD, Portland, Ore 
Diabetic patients with end-stage renal disease who have extensive ischemic foot ulcerations 
may not benefit from revascularization operations. 


Arteriovenous Graft Life in Chronic Hemodialysis: 
MEE Ve T cecerddarsthethsendsitesscwerkucpitkacus ale. gate eiiinzsalibusiesesnech ocn oven oae 1169 
Donald D. Bell, MD, John J. Rosenthal, MD, Long Beach, Calif 
Thrombectomy, removal of neointimal hyperplasia, and patch 
angioplasty will help preserve arteriovenous grafts. 


Hematuria Following Blunt Abdominal Trauma: The Utility of Intravenous Pyelography ........................ 1173 
Stanley Klein, MD; Stephen Johs, MD; Roy Fujitani, MD; David State, MD, Torrance, Calif 
Intravenous pyelography and nephrotomography should be reserved for patients 
with more than 30 red blood cells per high-power field on initial urinalysis. 
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000 7 d.i 8! r EBREN NETS ETIN Sk Mieke dh Ie ate Boe 08k. HO Ge he wicks a chai IS ALPEN TUS e oo o E 1146 


1034 Arch Surg— Vol 123, Sept 1988 


> 


“GOLYTELY ~ 


PEG-3350 and Electrolytes for Oral Solution 


The name that 
revolutionized bowel preps... 
4-hour colon lavage that's convenient, 
comfortable and cost-effective. 


The leading 4-hour routine that reduces prep time, length of 
hospital stay, and frequency of repeat exams. Convenient, 
cost-effective GoLYTELY...'the one that comes in a bottle." 


BRIEF SUMMARY: Before prescribing, see package insert or PDR. 


INDICATIONS AND USAGE: GoLYTELY is indicated for bowel cleansing prior to colonoscopy 


and barium enema x-ray examination. 


CONTRAINDICATIONS: GoLYTELY is contraindicated in patients with gastrointestinal obstruction, 


gastric retention, bowel perforation, toxic colitis, or toxic megacolon. 
WARNINGS: No additional ingredients—eg, flavorings—should be added to the solution. 
GoLYTELY should be used with caution in patients with severe ulcerative colitis. 


PRECAUTIONS: General: Patients with impaired gag reflex, unconscious or semiconscious 


patients, and patients prone to regurgitation or aspiration should be observed during the 
administration of GOLYTELY, especially if it is administered via nasogastric tube. If a patient 
experiences severe bloating, distention, or abdominal pain, administration should be slowed 


or discontinued temporarily until the symptoms abate. If gastrointestinal obstruction or perforation 


is suspected, appropriate studies should be performed to rule out these conditions before 
administration of GoLYTELY. 


© 1987 Braintree Laboratories, Inc. TRE-1027 


ADVERSE REACTIONS: Nausea, abdominal fullness, and 
bloating are the most common adverse reactions (occurring in up 
to 50% of patients) to administration of GoLYTELY. Abdominal 
cramps, vomiting, and anal irritation occur less frequently. These 
adverse reactions are transient and subside rapidly. Isolated 
cases of urticaria, rhinorrhea, and dermatitis—which may represent 
allergic reactions—have been reported. 

CAUTION: Federal law prohibits dispensing without prescription. 
STORAGE: Store in sealed container at 59°-86°F. When 
reconstituted, keep solution refrigerated . Use within 48 hours. 
Discard unused portion. 

(NDC 52268-0100-01) 

Made by Lyne Laboratories, Stoughton, MA 02072, for 
BRAINTREE LABORATORIES, INC., P.O. Box 361, Braintree, 
MA 02184. 
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Western Pennsylvania 





General Surgeon With 
Thoracic or Vascular Training 






* Exchange urban hassles for 
advantages of community 
practice 

e Join 2 university-trained 
surgeons, equal call set-up 








* Practice thoracic, peripheral 
vascular and general surgery 






e Good access to university 
for CME — 50 miles from 
Pittsburgh 


* Excellent contract including 
guaranteed equality of 
income in 3 years 







Write or call Mr. WiLsoNv Ross: 






Daniel Stern and Associates 
Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 
800/438-2476 
412/363-9700 (In PA) 













STRAUB CLINIC & HOSPITAL 
HONOLULU, HAWAII 


BE/BC general surgeon for sum- 
mer '89 to join regional satellite 
of 15 Straub physicians in new 
medical office building and new 
hospital. 


Straub is a 130-physician multi- 
specialty group with our own 162 
bed hospital and 7 satellites on 
the island of Oahu. 


Salary first year; equity partici- 
pation possible after two-year as- 
sociate period. Comprehensive 
fringe benefits. Combine the ad- 
vantages of group practice with 
the pleasures of America's best 
climate, year round leisure activi- 
ties, and cultural diversity. 


Contact: 
Alan B. Hawk, M.D. 
Medical Director 
Straub Clinic & Hospital 
888 S. King Street 
Honolulu, Hawaii 96813 
(808) 522-4106 


























DIRECTOR OF 
SURGICAL EDUCATION 


Louis A. Weiss Hospital, a major teaching Hospital 
affiliated with the University of Chicago Hospitals, is 
pleased to announce the availability of the position as 
Director of Surgical Education and Program Director for 
General Surgery. The Louis A. Weiss Hospital is a 370 
bed hospital, attractively located on the North Shore of 
Chicago, which has recently become affiliated with the 
University of Chicago Hospitals Surgical Residency 
Program. 


The Director of Surgical Education must be Board 
Certified in Surgery and capable of clinically excellent 
patient care. The Director will be the Program Director 
for the residents in surgery at Weiss Hospital who are, 
at present, from both the University of Illinois Metro- 
politan Group and from the University of Chicago. The 
Director will be a member of the faculty at the University 
of Chicago and serve on the Executive Committee of 
the Department of Surgery at the University of Chicago. 
Responsibilities will include coordination of teaching 
activities for residents, students, and the continuing 
education of surgeons. The person is expected to be an 
active surgeon who will be a clinical resource to the 
Hospital and medical staff. 


The position is felt to be particularly attractive for 
an academically oriented surgeon who wishes to assume 
major responsibilities in an integrated teaching program 
with particular emphasis on clinical research and 
patient care. 


The Louis A. Weiss Hospital, the University of Chicago 
and the University of Chicago Hospitals are equal 
opportunity employers and applications from women 
and representatives of minority groups are encouraged. 
Applications or recommendations should be sent to: 


Thomas J. Krizek, M.D. 

Acting Dean 

Division of Biological Sciences 
Professor and Chairman 
Department of Surgery 
University of Chicago 


c/o Search Committee for 
Director of Surgical Education 
Louis A. Weiss Hospital 

4646 North Marine Drive 
Chicago, IL 60640 
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Imagine a surgical table that works as 
a partner with you, your team and the advanced 
technology you use in surgery today. 


A state-of-the-art table that prepares you 
for the procedures of the 21st century. This table 
would be totally redesigned for IA compatibility. 
Fully powered with a power back-up system 
and manual override. 


Patient orientation at the touch of a panel. 
Stronger yet lighter and easier to move. Durable 
and reliable. 


Built tough to last...and last. 


“See us at Booth No. 1813, 
American College of Surgeons” 


m" 
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Welcome to the future 
in surgical tables. 





The QuantunT 3080RC Surgical 
Table. From AMSCO. Backed by AMSCO'S 
expertise and commitment to education, 
service, and performance. 


Quantum. Your next surgical table. 


Call your AMSCO sales representative today 
for a closer look at your future with Quantum. 





AMSCO 


American Sterilizer Company 





She’s outbattled 

the Great Depression, 
her husband's death, 
and a myocardial 
infarction. 


Now she’s won 
a fight against 
cholecystitis. 








At risk for aminoglycoside toxicity: 


The elderly. 


AZACTAM — safer than 

Y aminoglycosides for elderly 
patients* 

For a variety of reasons, including their often 
debilitated condition and serious underlying 
diseases, elderly patients have been reported to 
be at increased risk for aminoglycoside-associated 
toxicities.! AZACTAM represents a safer 
alternative for the treatment of gram-negative 
infections in these patients, an alternative that is 
free from the risks of nephrotoxicity’ and 
ototoxicity.?* 


AZACTAM — the first monobactam — 
as effective as the aminoglycosides 


In addition to its increased margin of safety, 
AZACTAM offers clinical and microbiological 
effectiveness equal to aminoglycosides in the 
treatment of gram-negative infections, such as 
peritonitis, intraabdominal abscess, and 
gangrenous appendicitis.** Its bactericidal activity 
is well suited for monotherapy when a susceptible 
gram-negative pathogen has been identified and 
is an ideal complement to gram-positive or 
anaerobic agents when empirical therapy is 

= indicated. 

*Dosage adjustment, based on estimated creatinine clearance, may be 
necessary in elderly patients. 

*Demonstrated in animal studies and in human volunteer studies. In clinical 


trials involving 4,570 subjects, transient elevations in serum creatinine were 
rarely observed. 


For a discussion of INDICATIONS AND USAGE (including 
susceptible organisms), CONTRAINDICATIONS, WARNINGS, 
PRECAUTIONS, and ADVERSE REACTIONS, please consult brief 
summary on the following page. 


The logical alternative to aminoglycosides 


. Azactam instead. 


aztreonam 








The logical alternative to aminoglycosides 


Azacta 


AZACTAM* FOR INJECTION 
Aztreonam For injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACT, 


. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE —Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species’ and Serratia marcescens’. Lower Respiratory Tract infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens’. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis’, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with rative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species". Intra- 
abdominal infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
Pseudomonas aeruginosa, species* including C. freundii* and Serratia 
species* including S. marcescens’. Gynecologic including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species” including E. cloacae*, and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of 

infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces, AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 
Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase /n vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These /n vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation mg susceptibility testing, appropriate antibiotic therapy should be 
continu 


CONTRAINDICATION —Aztreonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


WARNINGS—Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids), Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS —General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 


"Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 





aztreonam 


Instead. — 


used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 

potential nephrotoxicity and antibiotics. The 
nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 





Carcinogenesis, Mutagenesis, Impairment of Fertility —Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard 

evidence of mutagenic 

reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS —Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.996 and 2.496, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associated diarrhea or gastrointestinal bleeding have been reported. Dermatologic— 
purpura, erythema multiforme, urticaria, exfoliative dermatitis, petechiae, pruritus, 
diaphoresis. Cardiovascular— hypotension, transient ECG changes (ventricular 
bigeminy and PVC). Respiratory—one patient experienced flushing, chest pain, 
and dyspnea. Hepatobiliary—hepatitis, jaundice. Nervous System—seizure, con- 
fusion, vertigo, paresthesia, insomnia, dizziness. Musculoskeleta/—muscular aches. 
Special Senses—tinnitus, diplopia, mouth ulcer, altered taste, numb tongue, sneez- 
ing and nasal congestion, halitosis. Other—vaginal candidiasis, vaginitis, breast 
tenderness. Body as a Whole—weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE -If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection) —Lyophilized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1 g or 2 g/bottle. 

. " , (J4-231) 





REFERENCES: 1. Smith CR, Moore RD, Lietman PS: Am J Kidney Dis 8:308-313,1986. 2. Data on file, Squibb Institute for Medical Research. 3. Sattler FR, 
Schramm M, Swabb EA: Rev Infect Dis 7(suppl 4):S622-S627,1985. 4. Swabb EA: Rev Infect Dis 7 (suppl 4):S605-S612,1985. B. Henry SA, Bendush CB: Am J 
Med 78 (supp! 2A):57-64, 1985. 6, Berne TV, Yellin AE, Appleman MD, et al: Ann Surg 205:133-137, 1987. 7. Birolini D, Moraes MF, Soares de Souza O.: Rev 
Infect Dis 7 (suppl 4):8724-S728, 1985. B. Henry SA: Rev Infect Dis 7 (suppl 4):S729-S733, 1985. 


c © 1988 E. R. Squibb & Sons, Inc., Princeton, NJ 688-509 Sept, 1988 
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[HR OMBOSTAT™ 
| THROMBIN , USP), 
HG A trusted Ka oetatic 
7 Aid, is now available 


180-35 oP - ina pump spray form— 
'ombin,U AQ M MEE LL -—— B orniting flexible and 
eee dt o y Pace application. With the 
TA. AUF. 00 O c r 9^ new THROMBOSTAT pump, 


-you can achieve hemostasis 
Ei E onds over large body surface 
; ^ areas. Each depression of the 

| : t — pump offers an even distribution 
5. of THROMBOSTAT soluti on : — al alloy g uniform hemostasis of the total area. 

= The THROMBOSTAT pump is available in a convenient sterile kit that features 
a 20,000-unit vial of THROMBOSTAT (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer 
cap. The kit offers sterile packaging—permitting the entire contents to be 
brought directly into the sterile field. With the new THROMBOSTAT kit, 


it has never been simpler 
STERII E to control capillary bleeding. 
Please see next page for brief summary 
of prescribing information. 
THR OMBIN, USP. 
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For more information about the 
convenient THROMBOSTAT " KIT, 
simply fill out the coupon and mail to: EN 


Parke-Davis, Division of Warner-Lambert Company, 
201 Tabor Road, Morris Plains, New Jersey 07950. Attn: Nancy Caprio 
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| TUNOMBONTA Ree i Seq Origin) 
lefore prescribing, please see rescribing information. A Brief 
Summary follows: : p T 


Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or er. x 


_ INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indi- 


cated as an aid in hemostasis wherever oozing blood from capillaries 
and small venules is accessible. 

In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombostat is contraindicated in persons 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, Throm- 
bostct must not be injected or otherwise allowed to enter large blood 
vessels. Extensive in clotting and even death may result. 
ostat is an antigenic substance and has caused sensitivity 
see reactions when injected into animals. 
PRECAUTIONS: General: Consult the absorbable gelatin sponge 
product labeling for complete information for use prior to utilizing the 
thrombin-saturated-sponge procedure. 
Pregnancy—Teratogenic effects: Pregnancy Category C. Animal 
reproduction studies have not been conducted with Thrombin, Topi- 
cal (Bovine). It is also not known whether Thrombin, Topical (Bovine) 
can cause fetal harm when administered to a pregnant woman or 
can aífect reproduction capacity. Thrombin, Topical (Bovine) should 
be given toa ds Bg woman only if clearly indicated. 
Pediatric Use: Safety and effectiveness in children have not been 
established. 
ADVERSE REACTIONS: An allergic type reaction following the use of 
Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 
DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximately 100 units per 
mi are frequently used. For this, 10 ml of diluent added to the 1000 unit 
package is suitable. Where bleeding is profuse, as from cut surfaces 
of liver and spleen, concentrations as high as 1000 to 2000 units per ml 
may be required. For this the 5000 unit vial dissolved in 5 ml or 2.5 ml 
respectively, of the diluent supplied in the package is convenient. 
Intermediate strengths to suit the needs of the case may be prepared 
selecting the proper strength package and dissolving the contents 


4 


_ inan appropriate volume of diluent. In many situations, it may be 


advantageous to use Thrombostat (Thrombin, USP) in dry form on 


cozing surfaces. 

Caution: Solutions should be used the day they are prepared. The 
solution may be used for up to 6 hours when stored at room tempera- 
ture; up to 24 hours when stored under refrigeration, and, if neces- 


E: to 48 hours when stored frozen. 


— Thefollowing techniques are suggested for the topical application 
des 


. of Thrombostat. 
The recipient surface should be sponged (not wiped) free of blood 
fore Thrombostat is applied. 
2. A spray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon as 
it reaches the surface. 
3. In instances where Thrombostat in dry form is needed, the vial is 


- opened by removing the metal ring M lipping up the plastic cap 


and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up into 
a powder by means of a sterile glass rod or other suitable sterile 
i ment. 
4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbable Gelatin 
Sponge. USP as follows: 
l. Prepare Thrombostat solution of the desired strength. 
2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened gloved fin- 
gers to remove trapped air, thereby facilitating saturation of the 


sponge. 

3. Apply saturated sponge to bleeding area. Hold in place for 10 to 15 

seconds with a pledget of cotton or a small gauze sponge. 

Thrombostat Kit: Thrombostat Kit contains one sterile 20,000 unit vial 

of Thrombostat, one sterile vial of Isotonic Saline Diluent, and one 

sterile pump sprayer cap. The Kit may be used as follows: 

1. Remove the Tyvek blister lid by pulling up at the indicated corner. 

hee te tray can be lifted out or introduced into the operat- 

ield. pA 

2. The cover to the sterile inner tray is removed by pulling up on 

the finger tab, exposing the sterile contents. 

3. Thrombostat solution of the desired strength is prepared and the 
p sprayer cap inserted and seated on the Thrombostat solution 

vial. N der Several apokws of the pump sprayer will be required 

b hes GS nbostat solution is expelled. 

4. Alternativel w hen Thrombostat in dry form is needed, the vial is 

opened as descr above and the dried Thrombostat broken up 

into a powder by means of a sterile glass rod or other suitable sterile 

instrument, 4173G014 
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will you tell h 
about — 
screening 
mammograpl 


Many of your patients will hec 
screening mammography through a | 
launched by the American Cancer Soc 
the American College of Radiology, « 
may come to you with questions. W 
you tell them? ; 

. We hope you'll encourage them t 
screening mammogram, because th: 
with your regular breast examinati 
their monthly self examinations, O! 
best chance of early detection of breas 
a disease which will strike one wom 

If you have questions about brea: 
detection for asymptomatic women 
contact us. 
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g is a brief summary. 


'ontraindications: ‘Tagamet’ is contraindicated for patients known to have hypersensitivity to 
1e product 


Precautions: Rare instances of cardiac arrhythmias and hypotension have been reported follow- 
ng the rapid administration of ‘Tagamet’ HCI [brand of cimetidine hydrochloride) Injection by intra- 
enous bolus 


ymptomatic response to ‘Tagamet’ therapy does not preclude the presence of a gastric malig- 
ancy. There have been rare reports of transient healing of gastric ulcers despite subsequently 
Wocumented malignancy. 


"eversibie confusiona! states have been observed on occasion, predominantly in severely ill 
satients 


Tagamet’ has been reported to reduce the hepatic metabolism of warfarin-type anticoagulants, 
henytoin, propranolol, chlordiazepoxide, diazepam, certain tricyclic antidepressants, lidocaine, 
?eophyiline and metronidazole. Clinically significant effects have been reported with the warfarin 
inticoagulants; therefore, close monitoring of prothrombin time is recommended, and adjustment 
f the anticoagulant dose may be necessary when ‘Tagamet’ is administered concomitantly. Inter- 
ction with phenytoin, lidocaine and theophylline has also been reported to produce adverse clini- 
al effects. 


wowever, a crossover study in healthy subjects receiving either ‘Tagamet’ 300 mg. q.i.d. or 800 mg. 
.s. concomitantly with a 300 mg. b.i.d. dosage of theophylline (Theo-Dur*, Key Pharmaceuticals, 
1c.) demonstrated less alteration in steady-state theophylline peak serum levels with the 800 mg. 
.s. regimen, particularly in subjects aged 54 years and older. Data beyond ten days are not avail- 
ble. (Note: Ail patients receiving theophylline should be monitored appropriately, regardless of 
soncomitam drug therapy.) 
1 a 24-month toxicity study in rats, at dose levels approximately 8 to 48 times the recommended 
uman dose, benign Leydig cell tumors were seen. These were common in both the treated and 
ontrol groups, and the incidence became significantly higher only in the aged rats receiving 
magamer . 
1 human studies, ‘Tagamet’ has been shown to have no effect on spermatogenesis, sperm count, 
notility, morphology or in vitro fertilizing capacity. 
'regnancy Category B: Reproduction studies have been performed in rats, rabbits and mice at 
oses up to 40 times the normal human dose and have revealed no evidence of impaired fertility or 
arm to the fetus due to ‘Tagamet’. There are, however, no adequate and well-controlled studies in 
mwegnant women. Because animal reproductive studies are not always predictive of human re- 
ponse, this drug should be used during pregnancy only if clearly needed 
ack of experience to date precludes recommending ‘Tagamet’ for use in children under 16 unless 
WNticipated benefits outweigh potential risks; generally, nursing should not be undertaken by 
atients taking the drug since cimetidine is secreted in human milk. 
adverse Reactions: Diarrhea, dizziness, somnolence, headache. Reversible confusional states 
i.g., mental confusion, agitation, psychosis, depression, anxiety, hallucinations, disorientation), 
yedominantly in severely il! patients, have been reported. Reversible impotence in patients with 
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months, has been reported. The incidence of impotence and gynecomastia in large-scale surveil- 
lance studies at regular doses has not exceeded that commonly reported in the general population. 
Decreased white blood cell counts in Tagamet treated patients (approximately ! per 100,000 pa- 
tients}, including agranulocytosis [approximately 3 per million patients), have been reported, in- 
cluding a few reports of recurrence on rechallenge. Most of these reports were in patients who had 
serious concomitant illnesses and received drugs and/or treatment known to produce neutropenia 

Thrombocytopenia (approximately 3 per million patients) and, very rarely, cases of aplastic anemia 
have also been reported. Increased serum transaminase has been reported. Reversible adverse he- 
patic effects, cholestatic or mixed cholestatic-hepatocellular in nature, have been reported rarely. 
Because of the predominance of cholestatic features, severe parenchymal injury is considered 
highly unlikely. A single case of biopsy-proven periportal hepatic fibrosis in a patient receiving 
‘Tagamet’ has been reported. Increased plasma creatinine has been reported. Rare cases of fever, in- 
terstitial nephritis, urinary retention, pancreatitis and allergic reactions, including anaphylaxis and 
hypersensitivity vasculitis, have been reported. Reversible arthralgia, myalgia and exacerbation of 
joint symptoms in patients with preexisting arthritis have been reported rarely. Rare cases of poly- 
myositis have been reported, but no causal relationship has been established. Mild rash and, very 
rarely, cases of severe generalized skin reactions [e.g., Stevens-Johnson syndrome, epidermal necrol- 
ysis, erythema multiforme, exfoliative dermatitis and generalized exfoliative erythroderma) have 
been reported with H,-receptor antagonists. Reversible alopecia has been reported very rarely. 


How Supplied: Tablets: 200 mg. tablets in bottles of 100; 300 mg. tablets in bottles of 100 and 
Single Unit Packages of 100 [intended for institutional use only]; 400 mg. tablets in bottles of 60 
and Single Unit Packages of 100 (intended for institutional use only], and 800 mg. Tiltab* tablets in 
bottles of 30 and Single Unit Packages of 100 (intended for institutional use only) 


Liquid: 300 mg./5 mL., in 8 fl. oz. (237 mL.] amber glass bottles and in single-dose units [300 mg./ 
5 mL.J, in packages of 10 [intended for institutional use only) 


Injection: 
Vials: 300 mg./2 mL. in single-dose vials, in packages of 10 and 30, and in 8 mL. multiple-dose 
vials, in packages of 10 and 25 


Prefilied Syringes: 300 mg./2 mL. in single-dose prefilled disposable syringes 


Single-Dose Premixed Plastic Containers: 300 mg. in 50 mL. of 0.9% Sodium Chloride in 
single-dose plastic containers, in packages of 4 units. No preservative has been added. 


Exposure of the premixed product to excessive heat should be avoided. It is recommended the 
product be stored at controlled room temperature. Brief exposure up to 40°C does not adversely 
affect the premixed product 


ADD-Vantage" * Vials: 300 mg./2 mL. in single-dose ADD-Vantage* Vials, in packages of 25. 


‘Tagamet’ HCI (brand of cimetidine hydrochloride) Injection premixed in single-dose plastic contain- 
ers is manufactured for SK&F Lab Co. by Baxter Healthcare Corporation, Deerfield, IL 60015. 


* ADD-Vantage" is a trademark of Abbott Laboratories 
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Papers Read Before the 59th Annual Meeting 
of the Pacific Coast Surgical Association, San Francisco, 


Feb 21 to Feb 24, 1988 


Medical Advances 
During the Civil War 


Presidential Address 
F. William Blaisdell, MD 


he Civil War was the first modern war and resulted in 

the highest number of US casualties per capita of any 
of our wars as 620000 men perished, including 360000 in 
the North and 260 000 in the South; 25% of those involved 
died.‘ In the Union Army 6000 were killed outright, 
43 000 died of their wounds, and another 134000 survived 
their wounds. These casualties exceeded the total of all 
our preceding or subsequent wars and affected, directly or 
indirectly, nearly every family in the North and South 
(Table 1). 

While the impact on the US population was obvious, 
what is not appreciated even now is the rapid advances 
made by American medicine that were stimulated by this 
conflict. The present article is an attempt to document 
those advances and their impact on the subsequent devel- 
opment of American medicine. 

The first major battle fought in the Civil War was at Bull 
Run on July 21, 1861, 27 miles south of Washington, DC. 
This battle had been announced in advance and Washington 
society, transported in fine horses and carriages, left the 
capitol to observe the battle. Initially, the Union Army, 
under General McDowell, appeared to be defeating the 
Southern Army under Beauregard. At a crucial point, 
General Joseph Johnson joined the fray on the Confederate 
side with his 9000 Shenandoah Valley troops. The Union 
Army panicked and fled from the field, losing 681 killed, 
1011 wounded, and 1460 missing.' Medical care for these 
wounded was essentially nonexistent. There was no organ- 
ized evacuation of the wounded, and no hospitals available 
to handle extensive casualties. Those wounded who were 
fortunate enough to be able to evacuate themselves filled 
the streets of the capitol seeking shelter and treatment.*’ 

By 1864, the Civil War had reached a new phase when 
Ulysses S. Grant took over as commander of the Union 
armies. Lincoln had at last found his general. Grant’s 
concept was that, rather than occupying real estate, the 
key to winning the war was to destroy the Southern army. 
As a result he locked Robert E. Lee’s army in a fatal 
embrace that did not allow Lee to maneuver. The battles 
of the Wilderness from May 5 to 7, and Spotsylvania Court 
House from May 8 to 18, resulted in 17000 and 18000 
Union casualties, respectively (Table 2).'? Lee was forced 
to fall back to Richmond, and Grant, pursuing him, grad- 
ually wheeled around Richmond to the north and east. On 
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July 2 and 3 of 1864, the battle of Cold Harbor was fought. 
Lee's men had had time to prepare defenses there, approx- 
imately 30 miles from Richmond. Grant attempted unsuc- 
cessfully to overwhelm the firmly entrenched Southern 
troops by mass attack. In this he suffered his bloodiest 
defeat as 7000 Union casualties occurred in the first 30 
minutes of the battle.?? 

By that time, however, the US Army Medical Corps 
organization was complete and was capable of dealing with 
the mass casualties encountered during that previous 
month. Incidentally, this was more than the US Army 
Medical Corps had ever encountered before or has since. 


MEDICAL DEPARTMENT ADMINISTRATION 


In the prewar army, merit had nothing to do with 
promotion in the Medical Corps but was strictly based on 
seniority. The chief of the Medical Department in 1861 was 
over 80 years of age and was dying of cancer." He ran a 
penurious office and wrote books on the extravagance of 
medical care. After the start of the war, more than one 
half of his surgeons resigned to join the South, so that the 
Union Army entered the war with only 98 medical officers. 

In the first phases of the war the hygienic conditions of 
the volunteer army were deplorable (Fig 1). In the east 
the Union troops were centered around Washington, DC, 
and disease was rampant. As a result of publie outery 
regarding the woeful management of disease and injury, a 
Sanitary Commission was formed consisting of distin- 
guished civilians to look after the needs and interests of 
the volunteer army.’ Initially it attempted to sting the 
moribund medical department into action. The commission 
asked for the replacement of the Surgeon General and 
lobbied Congress and the President for a corps of medical 
inspectors.They stated that at this point they did not 
accuse the medical bureau of misfeasance or malfeasance, 
but of nonfeasance, since it did nothing at all. As a result 
of their action, on April 16, 1862, a competent Surgeon 
General, William Hammond, was appointed.* He had been 


Table 1.—Deaths From Disease and Wounds in Major Wars? 


Disease/1000 Men Wounds, % 
Mexican 12.9 
Civil (Union) 13.3 
Spanish American 6.1 
World War | 

World War II 4.5 


Korean 2.5 


Table 2.—Major Battles of the Army of the Potomac Under 
Grant in 1864* 


No. of Men 


Battle 
May 5-7, Wilderness 
May 18-21, Spotsylvania 
June 2-4, Cold Harbor 
June 15-19, Petersburg 


Killed Wounded 
2246 12037 
2725 13416 
9077 
8513 


Missing Total 
3383 17666 
2258 18399 
1816 12737 

1688 1185 11386 


*From Fox.? 
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in the regular ranks of the army just before the war but 
had resigned to become a professor at the University of 
Maryland. He insisted that detailed records be kept by all 
his medical officers, initiated a war medical museum, and 
proposed a military medical school. He, in turn, appointed 
an outstanding Medical Director for the Army of the 
Potomac, Jonathan Letterman.’ In a series of reforms, 
subsequently described, the Union Army Medical Organ- 
ization became the model for all US confliets up to the 
Vietnam War.! 


MEDICAL OFFICERS 


At the time of Bull Run, the line of responsibility of the 
Chief Medical Officer for the Army of the Potomac was to 
his general. His authority was limited to the relatively few 
regular army physicians assigned to his command. He had 
no authority over that portion of the regimental organiza- 
tion that was composed of volunteers, which was by far the 
largest component of the army. Thus, the bulk of the 
physicians in the field were regimental surgeons commis- 
sioned by the governors with their state regiments and 
under the command of their colonel.* Regimental discipline 
was such that many of the regimental surgeons refused to 
treat any wounded other than their own. Some regiments 
had a large number of wounded while other regiments 
essentially had none, so that while some units had insuffi- 
cient personnel to provide even rudimentary first aid, 
others had absolutely nothing to do.* 

The competence of the medical officers in 1862 and 
particularly the surgeons was questionable. Most had no 
operative training at all. While volunteers were readily 
available to assist in the care of the wounded, most of these 
were entrepreneurs who flocked south from major cities in 
the north after a battle and many of them refused to do 
anything but operate. Many of these volunteers performed 
needless procedures such as amputation to perfect their 
technique. All had in common a lack of knowledge of 
sanitation and hygiene.*? 

Following the Battle of Gettysburg in June 1863, volun- 
teer civilian surgeons were recruited, certified, and paid 
to supplement the medical officers. During the course of 
the war more than 5000 surgeons were hired and were 
primarily used to staff the general hospitals located in the 
major northern cities. By the time Grant’s major cam- 
paigns had opened in 1864 there were 194 regimental 
surgeons, 42 contract surgeons, and 175 nurses and medical 
students attached to the Army of the Potomac.* There was 
one surgeon and two assistant surgeons per regiment 
whose assignments were to the hospitals in the field. By 
1864 operating surgeons had been screened on the basis of 
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performance, which included “prudence, judgement 
skill.”* At the end of the war, some 13000 physician; 
served in the field and general hospitals. Full surg 
with commissions held the rank of major and drew 
per month. Assistant surgeons held the rank of capta 


first lieutenant and were paid $155.50 and $105.50, res 
tively.? 


NURSES 


Initially, those who attended in the hospitals and 
formed nursing chores were men from the ranks. T 
consisted of sick and ill soldiers who had recovered s 
ciently to provide service or those who had been det; 
from their regiments to work in the hospitals. Needle; 
say, the latter were generally incompetents and malin 
ers, those who could most readily be spared from t 
regiments for this duty?* Order, discipline, and t 
hygiene were entirely lacking. 

There had been no precedent for the use of female nu 
except during the latter stages of the Crimean War, 
competent help was sorely needed. Dorothea Dix, who 
founded insane asylums, volunteered in April 1861 
recruit help, and she was appointed Superintenden 
Female Nurses. Initially, Dix appointed all of the nur 
but subsequently the Surgeon General was allowed 
appoint nurses as well since Dix’s screening limited 
pointments to nonattractive “mature women,” thus ens 
ing a constant nursing shortage.’ 

These women came full of idealism from civilian life ; 
generally wished to function independently." As a res 
they were often refractory to the orders of the physicis 
in some instances justifiably so. In contrast, it was fo 
that nuns worked especially well since they had b 
trained in obedience and cooperated with the surgeoi 
They were first used in the west since Dix, whose recruit 
was primarily in the east, objected to Catholics. The ord 
included the Sisters of Mercy, the Sisters of St Joseph, : 
the Sisters of the Holy Cross. This represented the int 
duction of the Catholic orders in America to the hospi 
business. 

The feminine touch revolutionized the care of the s; 
and wounded. Women were strong morale builders and, 
a rule, had far more empathy and consideration for t 
wounded. They cleaned up the hospitals and made | 
unbearable for those physicians they thought lax or inco: 
petent. Their efforts were primarily confined to the lar 
general hospitals. Relatively few served in the field hos] 
tals. Some notable exceptions such as “Mother” Bicke 
dycke tended wounds on the battlefield. 10-12 Approximate 
3000 to 4000 women are believed to have served in t 
Union hospitals. One of their number, Clara Barton, we 
on to found the American Red Cross. 


AMBULANCES 


At Bull Run and immediately thereafter the ambulance 
were totally unsatisfactory. Ofthose few that were availab 
most were two-wheeled, were poorly constructed, ar 
readily broke down. They had civilian drivers who wei 
hired for the occasion and panicked and retreated from tk 
field without picking up the wounded. The Sanitary Con 
mission could find no record of a single wounded ma 
reaching Washington, DC, by ambulance after the fir: 
battle of Bull Run.? At the second battle of Bull Run, o 
Aug 29, 1862, there was an even bigger scandal. Thre 
thousand wounded lay on the field for three days and 60 
lay for one week. After the regular ambulance driver 
defected, the hirees who replaced them picked the pocket 
of the wounded, stole alcohol from medical supplies, an 
ignored the complaints of the injured and dying.** 

The need for an ambulance corps was evident. Th 


Civil War—Blaisde 


r NEP, m AT, u p = FT G ae 7 - = » 
į a PORE TU E & Ps 7 pA ^ T4 Wu EORNM. 
hJ | 1 i Ee E 
^ 4 t 
- 





A, d E not > a a MASTC = 
D DL eee a D _ 
F » ol “= »- "s 7 
ip lie F EN A7 a 
A e > CO PE CREE a 
+ E H 
~ 


Fig 2.—Field hospital. These were located 1 to 2 mi behind lines. 
Wounded were placed on examining tables and immediate defini- 
tive treatment was carried out. 


ambulances were under the charge of the Quartermaster 
Corps and it was apparent that priorities for the supplying 
of troops in the field conflicted with those of the wounded. 
Many of the generals were unsympathetic to the needs of 
the sick and injured. Buell, in the west, was one of the 
worst. He refused to assign men to evacuate the wounded 
or to provide resources so that the Medical Corps could 
accomplish this or even obtain needed supplies. As far as 
he was concerned, a man unfit for battle had no priority.° 

By the time of the battle of Cold Harbor the ambulance 
system had been reorganized. This had resulted from the 
constant agitation of Dr Henry Bowditch of Boston. His 
son had been wounded in the Peninsular Campaign in 1862 
and had lain on the field for days, ultimately dying because 
of the unavailability of ambulances. The Ambulance Bill 
was passed by Congress in March 1864. The Quartermaster 
Corps still controlled the ambulances but their use for any 
other purpose was prohibited. Four-wheeled ambulances 
with professional drivers were ready to evacuate the 
wounded from the aid station on the battlefield to the field 
hospitals by the time of Grant’s major campaigns later in 
1864.° 


HOSPITAL SYSTEM 


At Bull Run those wounded who evacuated themselves 
could not gain hospital admittance in Washington, DC, 
where the largest army hospital had only 40 beds. Although 
in the months immediately before Bull Run additional 
hospitals were improvised from hotels, churches, and pri- 
vate residences, there was no system for organizing hos- 
pital admissions. Regimental surgeons sent wounded from 
their limited field facilities back to adjacent cities without 
knowing whether hospital beds were available.** 

By the time of the battle of Cold Harbor an efficient 
system of handling mass casualties had been developed. ! 
This consisted of the aid stations immediately behind the 
scene of battle and field hospitals that were within a mile 
or two of the battle and were accessible by road. General 
hospitals located in or near the major northern cities 
provided chronic care for those wounded who were trans- 
ferred from the field hospitals. The availability of these 
general hospitals permitted rapid clearing of the field 
hospitals, leaving them prepared for the next battle. 


AID STATIONS 


An aid station served each regiment and was manned in 
rotation by a regimental surgeon. This forward station was 
located in a protected or semiprotected position at the edge 
of the battlefield. In the initial phases of the war it was 
customary for a wounded man to be evacuated by his 
colleagues. A soldier with nothing more than a flesh wound 
might be evacuated by as many as four volunteers. This 
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served to depopulate any attacking force once it had 
suffered a few wounded.*? 

By 1864, it was customary for the regimental command 
to assign 20 to 30 men, usually including the band, as 
stretcher bearers and medical aides. All of these men were 
unarmed and wore identification badges to distinguish 
themselves. They each carried a canteen and a knapsack 
containing first aid supplies. Slightly wounded men evac- 
uated themselves. The more seriously wounded men were 
carried on stretchers to the aid station.! 

Treatment at the aid station was confined to control of 
bleeding, bandaging wounds, and administering opiates 
and whiskey for pain and shock. Four-wheeled, horse- 
drawn ambulances in 1864 evacuated the wounded from 
the aid station to the adjacent field hospital. 

Stabilizing fractures was a real problem, especially those 
involving the femur.’ The upper extremity could be stabi- 
lized against the body and the lower leg usually could be 
stabilized adequately with splints. However, transport by 
horse-drawn carriage over rough, rutted roads ensured 
continued trauma and hemorrhage unless femur fractures 
could be adequately stabilized. Smith developed a means 
of anterior suspension that was effective, but few knew 
how to use it.” The Hodgson splint was developed in 1863 
and gave good extension and stabilization of the thigh 
fractures. "4 


FIELD HOSPITALS 


Jonathan Letterman, Medical Director of the Army of 
the Potomac in 1862, instituted the reorganization of the 
field system of care that by 1864 was extended to all Union 
armies.® The inefficient regimental system was discarded 
in favor of brigade and finally division organization. By the 
time of the battle of Cold Harbor the divisional field 
hospitals were grouped together by corps to form a large 
hospital complex. These hospitals were located at a 
suitable point one to two miles from the probable battle 
location. In the divisional organization the most accom- 
plished medical officers were assigned to perform all of the 
major operations. Some were assigned as surgical assis- 
tants or wound dressors while others were assigned admin- 
istrative responsibility. 

As the wounded arrived at the field hospital they were 
lifted from the ambulance and placed on an operating table 
for complete evaluation (Fig 2). This consisted of probing 
wounds with instruments or fingers to determine the 
nature of the injury, followed by removal of foreign bodies 
and loose bone fragments and débridement.'^'* Definitive 
treatment was carried out immediately as it had become 
recognized that amputations and other operative treatment 
were best accomplished within the first 24 hours of wound- 
ing.'^$ Subsequent to that it was found that infection 
usually precluded or dramatically increased the risk with 
these procedures. This decision undoubtedly played a major 
role in improving results in circumstances in which anti- 
sepsis and asepsis were neither recognized nor practiced. 
Fresh cases promptly transferred from the battlefield, 
although contaminated, were not infected. Nor were the 
field hospitals contaminated by infected cases since the 
continuous flow of large volumes of casualties in Grant’s 
1864-1865 campaigns dictated immediate transfer of the 
serious cases to the general hospitals following the defini- 
tive field surgery. 


GENERAL HOSPITALS 


General hospitals, located in the major cities, were 
referred to as such because they took men from any unit. 
At the start of the war there was a feeling that large 
hospitals were spreaders of disease and a major cause of 
mortality. Thus, at the time of the first battle of Bull Run, 
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Fig 3.—Largest of ERR hospitals, Mower Hospital, Philadelphia, 
had 4000 beds (from Hart’). 


there was not a single general military hospital in the 
eountry.?!? The largest post hospital, located at Fort Leav- 
enworth, Kan, had only 41 beds. 

A gigantic building program was commenced in 1862 and 
by 1863 the Union had 151 hospitals with 58 715 beds; by 
1865 there were 204 hospitals with 136 894 beds. Hospitals 
ranged in size from 100 beds to the 4000-bed Mower General 
Hospital in Philadelphia (Fig 3)." 

By the end of the war these hospitals were designed in 
a pavilion style and were well ventilated with buildings 
interconnected by corridors.5*/* Florence Nightingale had 
demonstrated in the Crimean War that large hospitals 
were not necessarily deadly; good ventilation and cleanli- 
ness were the keys to suecess and became mandatory in 
the new hospitals.? Each ward accommodated approxi- 
mately 60 patients. They had high vaulted ceilings with 
ceiling vents. The pavilion wards measured approximately 
150x25 ft and were 12 to 14 ft high. Concentration of 
patients was not allowed and space between beds was such 
that cross-contamination was minimized. 


MANAGEMENT OF WOUNDS 


The Surgeon General required that medical officers 
submit regular reports of their activities, treatments, and 
results.! This was compiled postbellum into the six volume 
Medical and Surgical History of the War of the Rebellion! 
a remarkable work that was the first major American 
academic medical contribution recognized in Europe. This 
provided detailed statistical documentation of medical and 
surgical management during the Civil War and the statis- 
tical information for the present article. 

In the initial phases of the war the treatment of wounds 
was individualistic and was performed by the two to three 
physicians participating in their regimental field hospital.* 
Gradually, thanks in part to the Sanitary Commission, who 
distributed texts and monographs, and also as a result of 
the organization of the large divisional field hospitals, 
standards of treatment developed.'!/??2?! Texts by Pack- 
ard, Bernard and Huete,” Hamilton, Longmore,” Mac- 
leod,? Sargent,” Smith,” Stromeyer and Esmarch,” 
Syme,” Tripler and Blackman,” and Warren? were widely 
used. 

To understand the nature of the problem presented to 
the medical officers, it is appropriate to review the nature 
of the wounds they treated. Although pictures of the Civil 
War depict giant waves of soldiers storming lines of the 
enemy, implying much hand-to-hand combat, this actually 
was quite rare.'? In the majority of instances, the fighting 
took place at long range. The reason for this related to the 
development of the rifled musket combined with the 
conoidal bullet. The original nonrifled musket fired a 
round ball that was effective only up to about 100 yd. The 
addition of rifling to the barrel and a conoidal bullet with 
an expansile base increased the power and accuracy of the 
rifle dramatically (Fig 4). It now was effective at 300 to 
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Fig 4.—Most common ammunition consisted of ball used initially 
in nonrifled musket, buck and ball, or buckshot combined with ball 
used most commonly by cavalry in their pistols, and conoidal bullet 
used in rifled musket. 


500 yd.* This produced the capacity to fire at the attackers 
from long distances and resulted in devastating casualties 
to mass charges, as was the case at Cold Harbor. Since 
artillery using antipersonnel grapeshot was effective only 
up to about 200 or 300 yd, the artillery became favorite 
targets for muskets when placed at equivalent distance 
from them. This resulted in the need to move the cannon 
well baek behind the infantry lines, making them primarily 
a defensive rather than an offensive weapon. 

Scenes depicting hand-to-hand combat with bayonet or 
saber grossly exaggerate the use of these weapons. The 
volunteer army did not favor the cold steel of the bayonet. 
The cavalry disdained the saber for the pistol or revolver. 
As a result, the Civil War statistics show that 94% of 
battlefield wounds were from bullets, only 5.5% were from 
artillery, and 0.4% were from bayonet and saber.’ 

The lead bullets that were used produced far worse 
wounds than the present steel-jacketed bullets. They 
traveled relatively slowly and in the process of wounding 
flattened out and carried in particles of clothing and skin, 
with the result that most of the wounds became infected. 
The round ball, whose use was limited to the initial phases 
of the war, caused far less trauma than the rifled conoidal 
bullet. The increased velocity and penetrating capacity of 
the latter bullet was responsible for devastating 
wounds. 1925 

Since roentgenography did not exist, assessment of 
wounds was done by the bare, probing finger. Porcelain 
probes were used to distinguish between lead bullets and 
other foreign bodies such as bone. Many ingenious instru- 
ments were developed during the course of the war for the 
extraction of bullets, foreign bodies, and bone fragments.*° 

In the initial part of the war there was great controversy 
as to whether anesthesia was appropriate. The New York 
Medical Journal, for one, argued against anesthesia on 
the basis that the excitement of the wounded soldier was 
enough to carry him through the severest operation and 
the shock after injury was aggravated by anesthesia.’ It 
was believed that pain was an appropriate stimulus to 
prevent or modify shock. Anesthesia was also said to 
retard wound healing. 

Despite this, anesthesia was extensively applied initially 
and by the end of the war was universally used.' In the 
field hospital the anesthetic agent was usually chloroform, 
which had been introduced in 1851. The more humane 
surgeons administered anesthesia even for wound exami- 
nation.* Chloroform anesthesia had an advantage because 
ofits small bulk, because it was nonflammable, and because 
of its speedy action. Some 80 000 general anestheties were 
given during the war.! Ether was more commonly used in 
the general hospitals, but overall was only used as an 
anesthetic in only 14% of cases. The flammability of ether 
was its principle hazard, particularly since artificial light 
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was inevitably that supplied by flame. In the field hospitals 
much of the surgery was conducted in the open because of 
superior visibility. 

One of the major reasons the medical advances of the 
Civil War were belittled or not appreciated was that 
antisepsis and asepsis had still not been accepted or 
recognized. Although antiseptic agents had been recog- 
nized well in advance of the war, Lister’s first article on 
antisepsis was not published until 1867, several years after 
the war ended. Antiseptics were used primarily to clean 
the environment, not surgical instruments, bandages, or 
wounds. The importance of sterilization or cleanliness of 
instruments had not been established." Although the 
surgeon usually washed his hands, this was more for self- 
protection than anything else. At times water was so scarce 
that surgeons would go for days without washing their 
hands. At operation the surgeon might strop his knife on 
his boot or go so far as to hold the blade between his teeth. 
He operated bare-handed in his regular clothes with his 
sleeves rolled up. The more effective surgeons did hundreds 
of amputations in the space of three or four days, each 
amputation taking about three to four minutes. +°! 

Although tourniquets and the cautery were used to 
control hemorrhage early in the war, they were ultimately 
found to do more harm than good and extremity bleeding 
was controlled by pressure dressings or by ligature. The 
use of ligatures and skill in applying them was one of the 
major advances in surgical technique. As surgeons mas- 
tered the use of the ligature, most commonly silk, hemo- 
stasis was uniformly secured. However, on major vessels 
it was customary to leave the ends of ligatures hanging 
from the wound. As the vessels the ligatures encompassed 
necrosed the ligatures came away, usually on about the 
third or fourth day, which was the critical period for 
secondary hemorrhage. 323 

The most common location for wounds was the extremi- 
ties.' Half involved the upper extremities and half involved 
the lower. The most common major operation of the war 
was amputation of limbs. At the start of the conflict there 
was great controversy over amputation vs nonamputation. 
Guthrie, the Surgeon General in the Crimean War, had 
recommended against amputation because of an extremely 
high mortality, and this experience was widely reported.’ 
In December 1861, D. D. Slade distributed a pamphlet 
from Boston containing more orthodox views regarding 
amputation. These gradually won acceptance. His indica- 
tions were to amputate when the limb was badly lacerated 
or when there was a compound fracture, especially a 
fracture that was splintered or involved a joint. Attempts 
were made to excise bone and bone splinters without 
amputations in some instances. Amputation was considered 
necessary in nearly 5096 of the gunshot fractures of the 
extremities and was associated with a 26% mortality.’ 
Although amputation was widely criticized and many 
considered its use excessive during the war, subsequent 
reviews have suggested that it was not used widely 
enough.* 

Eleven percent of the wounds were to the face and neck 
and, as the war progressed, devastating wounds of the face 
were treated successfully. Surgeons became comfortable 
managing even the most terrible, deforming wounds.! 

Flesh wounds of the chest carried an excellent prognosis, 
with 1% mortality! Cutting weapon (saber or bayonet) 
chest wounds carried a 9% mortality.! Penetrating gunshot 
wounds of the chest, of which 8700 were described, were 
fatal in 62% of cases. Empyema was the primary menace 
and was treated by open drainage or by the insertion of 
drain tubes.'^* Whether a gaping chest wound should be 
hermetically sealed or left open was controversial. There 
were proponents of both forms of treatment. Open treat- 
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Fig 5.—Hospital gangrene was one of the most feared complica- 
tions of wounding (from Barnes’). 


ment involved more immediate respiratory compromise 
but carried a lower incidence of empyema. Closed treat- 
ment acutely improved pulmonary function but the risk of 
empyema was increased. This issue was not resolved during 
the war and it can be concluded that the treatments 
probably balanced out.! 

Penetrating wounds of the abdomen were 90% fatal.’ 
Injuries to the small intestine nearly always resulted in 
death.' Colon injury carried a 59% fatality rate. When balls 
penetrated the abdominal cavity the rule that developed 
was that they should not be hunted for. It was 
recognized that poking or probing was uniformly unsuc- 
cessful, whereas quiet, fasting, and the administration of 
opium offered a possibility of survival. Extruding intes- 
tines that were wounded generally were repaired before 
being replaced in the abdomen. 

The complications of the wounds were hemorrhage and 
infection. Acute hemorrhage, that occurring within the 
first 24 hours, was relatively rare later in the war as 
surgeons became competent in the use of the ligature. 

The complication of secondary hemorrhage was more 
frequent and occurred when the ligature pulled away after 
three or four days.'*?* There were 2235 cases of secondary 
hemorrhage described with a mortality rate of nearly 62%. ' 
Use of a proximal ligature to control these hemorrhages 
was rarely resorted to. Most of the wounds in which 
secondary hemorrhage occurred were infected. Therefore, 
attempts to secure the bleeding point within the infected 
wound were rarely associated with success. 

Tetanus occurred periodically during the war, but when 
the battlefield was relatively clean it was rare. In battles 
such as Antietam, where stables were used for hospitals, 
tetanus was a significant problem.! 

Erysipelas (presumably Streptococcus) occurred in epi- 
demics in some hospitals but was nonexistent in others. It 
was recognized that the source was contagious, but there 
was debate as to whether this was transmitted by vapors 
or bad air.'*6?6 Only a few physicians recognized that it 
might be caused by direct contamination. The mortality 
for erysipelas was 87%.! 

Hospital gangrene was particularly feared and was not 
clearly understood. It was known to start as a bluish or 
black discoloration near or adjacent to a wound." A foul 
smell was accompanied by a progressive necrosis of tissue 
(Fig 5). This complication was first recognized in 1862 at 
Antietam. It later occurred in Philadelphia and after the 
Battle of the Wilderness at Fredericksburg in 1864.' This 
complication, in retrospect, appeared to be a synergistic 
infection that was a combination of aerobes and anaerobes, 
such as Streptococcus combined with anaerobic gram- 
negative bacteria. Goldsmith? was instrumental in finding 
a solution to the problem. Following the introduction and 
acceptance of his treatment, mortality fell from over 6096 
to negligible levels (2.6%). This.treatment consisted of 
débridement of all necrotic tissue wed by the applica- 
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tion of the antiseptic bromine to the wound. Keen solved 
the problem of the epidemic in Philadelphia by isolating 
the cases, using fresh bandages for all hospital cases, 
dressing infected wounds last, and ensuring the cleanliness 
of all personnel, including the institution of washing be- 
tween cases.’ 

Erysipeloid infections and hospital gangrene were asso- 
ciated with minimal amounts of pus. A wound that released 
pus was believed to have a good prognosis and to be 
showing a sign of healing. Although wounds of the ampu- 
tations were usually closed, secondary suppuration was 
common. Initially this was accepted as being fundamental 
to healing but ultimately the concept that wounds could 
heal primarily was accepted. 

It became recognized that cleanliness of the environment 
and geod ventilation were associated with a decreased 
ineidence of infection. Although the possibility that the 
infection was airborne was recognized, it was ascribed to 
“miasmas or bad humors.” Clean hospitals that were well 
ventilated were recognized by the end of the war as being 
associated with the lowest infection rates.'*° Antiseptics 
such as bromine were used to clean the environment but 
they were rarely used, except in the instance of hospital 
gangrene, to treat the infected wound directly. 


DISEASE 


One of the major lessons learned during the course of 
the war was the importance of hygiene. Three times as 
many men died of illness as died of wounds.' Typhoid was 
a leading killer and diarrhea was universal, affecting 7496 
of soldiers annually Dysentery was defined as tenesmus 
with blood in the stools; if such was not the case it was 
referred to as diarrhea. These latter two conditions were 
lumped together by the medical department and had a 
mortality of 2%. The annual illness rate was 2.435 per 1000 
cases; men were ill an average of twice a year. 

Early in the war it became obvious that the regular army 
suffered far less from disease than the volunteers.'^* The 
regular army camps were disciplined, clean, and disposed 
of their waste appropriately The Sanitary Commission 
worked extremely hard to encourage cleanliness in the 
camps, proper hygiene, and construction and proper loca- 
tion of the latrines. This was not universally mastered and 
the volunteers poorly disciplined regiments continually 
suffered far more than their better-disciplined colleagues. 


SUMMARY 


The contributions to medical care that developed during 
the Civil War have not been fully appreciated, probably 
because the quality of care administered was compared 
against modern standards rather than the standards of the 
time. The specific accomplishments that constituted major 
advances were as follows. 

1. Accumulation of adequate records and detailed re- 
ports for the first time permitted a complete military 
medical history. This led to the publication of the Medical 
and Surgical History of the War of the Rebellion, which 
was identified in Europe as the first major academic 
accomplishment by US medicine. 

2. Development of a system of managing mass casualties, 
including aid stations, field hospitals, and general hospitals, 
set the pattern for management of the wounded in World 
War I, World War II, and the Korean War. 

3. The pavilion-style general hospitals, which were well 
ventilated and clean, were copied in the design of large 
civilian hospitals over the next 75 years. 

4. The importance of immediate, definitive treatment of 
wounds and fractures was demonstrated and it was shown 
that major operative procedures, such as amputation, were 
optimally carried out in the first 24 hours after wounding. 
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5. The importance of sanitation and hygiene in prevent- 
ing infection, disease, and death among the troops in the 
field was demonstrated. 

6. Female nurses were introduced to hospital care and 
Catholic orders entered the hospital business. 

7. The experience and training of thousands of physi- 
cians were upgraded and they were introduced to new 
ideas and standards of care. These included familiarity 
with prevention and treatment of infectious disease, with 
anesthetic agents, and with surgical principles that rapidly 
advanced the overall quality of American medical practice. 

8. The Sanitary Commission was formed, a civilian- 
organized soldier's relief society that set the pattern for 
the development of the American Red Cross. 
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Presentation of the Murphy Gavel 


Wiley F. Barker, MD 


A the end of my term as president of this Association, 
it was apparent that the gavel from the plates of Her 
Majesty’s Ship Beaver and the locust trees in British 
Columbia, which had served for so many years as the gavel 
of the Pacific Coast Surgical Association, had space re- 
maining on it for the names of only a few of the future 
presidents. 

While visiting the John B. Murphy Building owned by 
the American College of Surgeons in Chicago last year, I 
saw some beautiful old pieces of wood going into retire- 
ment. I persuaded the officers of the College to allow me 
to have a piece of a birch window sill. It was my pleasure 
to design a new gavel and to work with two fine craftsmen 
to be able to present this new “John B. Murphy” gavel to 
the Pacific Coast Surgical Association (Figure). John B. 
Murphy was one of the most charismatic and controversial 
characters in surgery of the years centered at the turn of 
the century. 

He had a talent for choosing unpopular sides and for 
putting his foot in his mouth. Some remember him incor- 
rectly as being one of the great fee splitters of Chicago 
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history, but in fact he was nearly ejected from the Chicago 
Medical Society for public and written denunciations of the 
practice. He was seriously criticized later when he sug- 
gested that hospitals and surgeons should keep records of 
their results there for comparison. 

Facets of his strictly professional career included an 
eclectic approach to surgery. He was one of the first to 
accept and preach the new techniques of antisepsis, which 
were brought to Chicago when he was in medical school. 
He was one of the first to put into practice the implications 
of Reginald Fitz’ studies on appendicitis and apply them 
by early operation, which resulted in a large number of 
patients whose minimally inflamed appendices were re- 
moved as well as many interval appendectomies that 
engendered considerable criticism from his colleagues. 

In 1897 he became the first surgeon to resect and 
anastomose a segment of a major artery in a human.' In 
1909 he performed one of the first successful embolectomies 
in a human.? His patient suffered an embolus to the common 
iliac artery that he removed through the femoral artery. 
He could not restore flow into the distal artery, and the 
patient suffered an amputation—but at a much lower level 
than otherwise anticipated. He was one of the first sur- 
geons to resect the cervical rib and to report the association 
of a subclavian aneurysm with this lesion. He modified the 
existing but unsatisfactory device a French surgeon had 
invented for bowel anastomosis and developed his own two- 


Left, Overall view of Murphy gavel showing the handle with representation of “Murphy button” at end and invaginating 
vascular anastomosis in neck. Right, Close-up view of head of Murphy gavel with logo of Pacific Coast Surgical 
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Association. Names of the subsequent presidents of the Association will be inscribed on silver bands on either side. 
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Listing From the Index Medicus for 1914 Under the Sole 
Name of John B. Murphy 


JOHN B. MURPHY, 1914 

Miscellaneous orthopedic topics, tissue specificity, pneumothorax, 
spina bifida, rheumatoid arthritis, tic doloureux, cerebellar tumor, 
thymus, sarcoma of shoulder, pyloric stenosis, peptic ulcer, hernia, 
intestinal anastomosis, liver abscess, tenoplasty, arthroplasty, blad- 
der stone, pyelonephritis, prostatitis, semilunar cartilage dislocation, 
miscellaneous fractures, Paget's disease of the breast, procidentia 
uteri, tubal pregnancy and Aberhalden test for pregnancy, plastic 
reconstruction of ear (bitten off by horse), reaction to heteroplastic 
tissue transplants, goiter, empyema, carcinoma of male breast, 
pancreatic cyst, cholelithiasis, hemorrhoids, ectopic testis, renal 
tuberculosis, breast tumors, ovarian sarcoma, rectal carcinoma, ileus, 
malignant papillomatosis of the breast, role of lymphoid tissue in 
resistance to tuberculosis, irradiation treatment of cancer of the 
breast, meningitis, traumatic epilepsy, fecal fistula, imperforate anus, 
prostatic obstruction (108 articles). 





piece button for anastomosis of the bowel. 

Loyal Davis stated in 1938 that surgeons in Chicago still 
used the Murphy button when they were truly pressed for 
time in carrying out an anastomosis.’ In 1949, when I first 
came to Los Angeles, the operating room nurse at Wads- 
worth Veterans Hospital asked me one day what this box 
full of funny looking metal balls was; there were perhaps 
100 buttons, of which I regret that I liberated only one, 
but that one served as a model for the end of the shaft. 

Murphy was one of the early surgeons to recognize the 
value and carry out successfully artificial pneumothorax in 
the treatment of cavitary tuberculosis after his own bout 
with the disease from which he recuperated at a resort 
some 20 miles from the old Barker ranch in Las Vegas, 
NM. As a surgeon, he was one of the first to bring salvarsan 
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to Chicago and promote its use. He further got into trouble 
with the press and the medical world through his handling 
of the nonmedical aspects of the gunshot wound sustained 
by Teddy Roosevelt. Here is a man with whom many of us 
can feel great empathy. 

Murphy’s technique of invagination for vascular anasto- 
moses was used by many surgeons around the turn of the 
century but was soon supplanted by suture anastomosis 
by the technique of Carrel. It was revived, perhaps 
inadvertently, by Sterling Edwards when he recommended 
a similar anastomotic technique between host-vessel and 
the braided nylon that was the first graft he advocated. It 
still persists in the hands of those surgeons who place the 
aortic graft in an aneurysmal sac during aneurysmal 
replacement. 

These were only a few of Murphy’s activities. In 1914 he 
published articles on 108 subjects, including plastic repair 
of an ear bitten off by a horse and the tissue reactions to 
heteroplastic tissue transplantations (Table). He could have 
provided a diverse program in its entirety himself for one 
of our meetings! 

It is now my pleasure to present this gavel to President 
F. William Blaisdell, whose career has also been one full of 
innovations and major contributions to surgery. I can think 
of few members of our society whose name might be more 
appropriate as the first name on this gavel. 
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Experience With the Endorectal Ileal 
Pullthrough With Lateral Reservoir 
for Ulcerative Colitis and Polyposis 


Eric W. Fonkalsrud, MD; Matthias Stelzner, MD; Nancy McDonald, RN 


e Since 1977, 184 patients with colitis or polyposis under- 
went colectomy with endorectal ileal pullthrough in two stages 
with a temporary ileostomy. Five had an S reservoir, three had 
a J reservoir, and 15 had no reservoir; 97 patients had a lateral 
reservoir constructed at the second operation and 64 had one 
constructed at the first operation. Ten patients with no reser- 
voir and one with a J reservoir underwent conversion to a 
lateral reservoir because of stool frequency. Three patients 
with an S reservoir and six (3.596) of 172 patients with a lateral 
reservoir underwent a permanent ileostomy. Over 65% of 
complications occurred in the first 50 patients. Late reservoir 
shortening was necessary in 34 patients. Of the last 110 
patients, 107 are functioning well with a mean of six bowel 
. movements per day. A short lateral reservoir (—15 cm) con- 
structed at the first operation produces the fewest complica- 
tions and best results. 

(Arch Surg 1988;123:1053-1058) 


he endorectal ileal pullthrough procedure has been 

performed with increasing frequency during the past 
decade for the treatment of patients with severe ulcerative 
eolitis refractory to medical therapy and patients with 
familial polyposis to obviate the unpleasant and cumber- 
some features of a permanent ileostomy and the morbidity 
of proctectomy. Although a case of total colectomy with 
ileoanal pullthrough was first described by Nissen! in 1933, 
it was not until 1947 that Ravitch and Sabiston? developed 
the initial prototype of this procedure. There was little 
enthusiasm for clinieal application until Martin and 
associates? in 1977 reported a good outcome in 15 of 17 
patients with a straight endorectal pullthrough operation 
after colectomy and mucosal protectomy. The endorectal 
pullthrough procedure has had many modifications during 
the ensuing years; however, it is now generally accepted as 
a very satisfactory option for the surgical treatment of 
ulcerative colitis and familial polyposis.** 

Although the straight endorectal ileal pullthrough with- 
out reservoir was recommended by several surgeons six to 
ten years ago,'^!"' long-term follow-up of the patients had 
indieated that the majority experience persistent stool 
frequency and urgency, and in some cases incontinence, 
which interferes greatly with the performance of daily 
activities. Thus, the majority of surgeons performing the 
endorectal ileal pullthrough operations have used an ileal 
reservoir above the ileoanal anastomosis to reduce peri- 
stalsis in the distal ileum and provide an area for fecal 
storage. Three basic reservoirs have been used clinically: 
(1) S-shaped reservoir (SR), (2) J-shaped reservoir (JR), 
and (3) lateral isoperistaltic reservoir (LR). Although each 
of the various reservoirs has provided satisfactory func- 
tional results for the majority of patients undergoing the 
operation, approximately 2096 to 3096 of the patients have 
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required reoperations owing to postoperative complications 
related either to pouch construction or the ileoanal anas- 
tomosis, or because of less-than-optimal function. Between 
3% and 15% of patients have had the reservoir removed 
and a permanent ileostomy constructed. It has become 
apparent that the reservoir configuration is less important 
than the assurance that the reservoir is relatively small 
(«15 em long) and that the spout at the lower end of the 
reservoir extends down to within 2 em of the ileoanal 
anastomosis. 

Since most reports continue to indicate a high incidence 
of pouch inflammation (pouchitis) and other complications 
that may not become severe until two or more years after 
operation, the present study was undertaken to review the 
evolution of changes in the LR over the past decade that 
have resulted in an incidence cf pouchitis of less than 596 
and a reoperation rate of less than 1096, with good func- 
tional results in 9796 of the last 110 consecutive patients. 


PATIENTS AND METHODS 


During the period from 1977 to 1988, 168 patients with ulcerative 
colitis and 16 patients with familial polyposis underwent total 
colectomy, mucosal proctectomy, and endorectal ileal pullthrough 
with diverting ileostomy at UCLA Medical Center. Five patients 
had an SR, three had a JR, and 15 had a straight pullthrough with 
no reservoir (NR). The remaining 161 patients had an LR con- 
structed in two stages (97 patients) or at the first operation when 
the colectomy was performed (64 patients) An additional 11 
patients underwent one-stage reconstruction of an LR after a 
straight pullthrough (ten patients) or JR (one patient). Thus, 195 
pullthrough operations were performed in the 184 patients. Patient 
ages ranged from 7 to 58 years (mean, 23.8 years). At the time of 
operation, 39 patients were less than 18 years of age. The duration 
of the colitis ranged from four months to 38 years (mean, 3.2 
years). There were 97 female and 87 male patients. At the time of 
operation, 162 of the 168 patients with colitis were receiving high- 
dose prednisone therapy. All patients with colitis had normal 
findings on small-bowel roentgenographic series preoperatively. 
Five of these 168 patients with colitis had an indeterminate type 
of inflammation on mucosal biopsy that proved to be Crohn's 
disease in two patients after colectomy and the pullthrough 
operation had been performed. Eight patients with colitis and 
three with polyposis were found to have carcinoma preoperatively 
(four patients) or at the time of colectomy and the pullthrough 
operation (seven patients). 

Several major changes in the technique for the endorectal ileal 
pullthrough procedure have evolved since the first operation was 
performed at UCLA Hospital in 1972. Three straight pullthrough 
operations were performed between 1972 and 1977 with a much 
different technique than was used thereafter, including long rectal 
muscle cuff above the peritoneal reflection and a 1-cm segment of 
rectal mucosa left above the dentate line. Each of these patients 
required reoperation with construction of a permanent ileostomy 
and are not included in the present study. Since 1977, five of the 
184 patients underwent construction of an SR with a spout of 2 to 
4 em. Two have been removed and a third was converted to a Kock 
pouch because of pouchitis and other complications. Two patients 
with SR have functioned well for 11 and nine years, respectively, 
with no limit to physical activities. Each has had an average of 
five continent bowel movements per day, although each uses a 
rectal irrigating catheter on an occasional basis. 
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Fig 1.—Distal ileum is divided approximately 15 cm from end, 
preserving blood supply. Antimesenteric borders are rotated so 
they are adjacent. 


Two of three patients with JR developed ileoanal strictures, one 
with retraction of the anastomosis. One patient developed a peri- 
pullthrough sinus that resolved with local incision and drainage. 
Two patients developed marked reservoir enlargement, and the 
first underwent removal of the JR and construction of an LR 
because of persistent diarrhea, frequency, urgency, and weight 
loss. The second patient empties the reservoir with daily rectal 
catheterization and is contemplating reoperation. 

Since 1978, 97 patients have undergone construction of an LR 
between three and nine months after colectomy and straight 
endorectal ileal pullthrough with protecting ileostomy (LR2), as 
described previously.'?:? The lower end of the reservoir extended 
down to within 3 to 5 cm of the ileoanal anastomosis. The reservoir 
was constructed approximately 25 to 30 em in length during the 
first 40 operations and then was shortened gradually to approxi- 
mately 15 to 18 em. The initial 40 patients had rectal muscle cuffs 
7 to 9 em long; the last 57 patients had rectal muscle cuffs less 
than 6 cm long. 

During the past 3% years, 64 patients have undergone construc- 
tion ofthe LR at the same time as colectomy, mucosal proctectomy, 
and endorectal pullthrough with protecting ileostomy (LR1). The 
ten additional patients who previously had a straight pullthrough 
and the one with a JR who underwent conversion to an LR had 
the procedure performed in one stage without ileostomy. Thus, 75 
patients had the LR performed in one stage. All rectal mucosa 
was removed down to the dentate line, and the rectal muscle cuff 
was limited to 4 to 5 em. The ileum was divided approximately 
15 em from the end, preserving the blood supply to the distal 
segment. Both the proximal and distal ileum were rotated 90? in 
opposite directions such that the antimesenteric borders were 
approximated (Fig 1) The reservoir was constructed with the 
gastrointestinal anastomosis stapler (Autosuture, US Surgical 
Corp, Norwalk Conn; Division of Ethicon, Somerville, NJ) (Fig 
2). The open proximal and distal ends were closed with a running 
inverting suture of 3-0 Vicryl (polyglactin) (Fig 3). A spout of 1.5 
to 2.0 em was left between the lower end of the reservoir and the 
open end of the distal ileum. The reservoirs were constructed over 
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Fig 2.—lncision is made 2 cm from end of distal ileal segment and 
gastrointestinal anastomosis stapler is used to construct lateral 
reservoir. 


a distance of 12 to 15 cm. A second layer of continuous 3-0 Vicryl 
suture was placed around the entire reservoir anastomosis. The 
end of the spout was oversewn loosely and then drawn through 
the rectal muscle canal to the anus (Fig 4). The superior mesenteric 
artery was mobilized up to the origin from the aorta to assure 
good blood supply to the end of the ileal spout while maintaining 
negligible tension on the mesentery. Approximately 24 interrupted 
2-0 Vicryl sutures were used to approximate the distal ileum to 
the anoderm and underlying muscle. A diverting-end ileostomy 
was constructed approximately 10 cm proximal to the upper end 
of the reservoir. The mean operative time was five hours 20 
minutes. Only 18 from this group of 75 patients required blood 
transfusions. 

Closure of the ileostomy was performed an average of four 
months after the first operation. Each patient had sigmoidoscopy 
and a diatrizoate meglumine and diatrizoate sodium contrast 
enema shortly before ileostomy closure to ensure that the reser- 
voir was intact. Fifteen of these patients required mild anal 
dilatation on one or more occasions. End-to-end ileostomy closure 
was performed in two layers, with an average time of one hour 45 
minutes. Blood transfusions were not used during any of the 
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Fig 3.—Reservoir is completed with additional placement of 
gastrointestinal anastomosis stapler from above. Open upper and 
lower ends are closed with running Vicryl (polyglactin) suture. 


ileostomy closure operations. Intravenous gentamicin sulfate and 
clindamycin phosphate were given for five days after both the 
first- and second-stage operative procedures. After ileostomy 
closure, patients were given 250 mg of metronidazole three times 
daily for approximately six weeks. Systemic steroid therapy was 
tapered over the three to four weeks after both the first- and 
second-stage operations. The mean duration of hospitalization 
after the first operation was 7.4 days; the mean hospital duration 
after ileostomy closure was 7.7 days. To increase stool bulk, 5 mL 
of psyllium husk (Metamucil) was given twice daily and loperamide 
hydrochloride (Imodium), atropine sulfate and diphenoxylate hy- 
drochloride (Lomotil), or codeine sulfate was given to reduce 
nocturnal peristaltic activity for the first three months. 

During the past three years, 15 patients underwent a straight 
pullthrough with NR in two stages using a temporary ileostomy. 
Ten of these patients were obese, three had severe anal sphincter 
spasm, and two had severe colitis complicated by diabetes or 
pulmonary emboli. Because of persistent stool frequency (mean, 
23 stools per 24 hours), urgency, increasing incontinence, and 
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Fig 4.—Entire reservoir anastomosis is oversewn with second 
layer of continuous Vicryl (polyglactin). Ileal spout is drawn through 
rectal muscle cuff to anus. Completely diverting end ileostomy is 
placed approximately 10 cm above reservoir. 


perianal skin excoriation (which severely limited social and phys- 
ical activities and did not respond to a rigid constipating diet, 
antidiarrheal medications, and bulk-forming agents) ten patients 
underwent conversion to an LR in one stage a mean of ten months 
after ileostomy closure. All ten patients experienced marked 
improvement in their clinical status, and stool frequency was 
decreased by 60%. One patient with NR had a temporary ileostomy 
constructed, whereas, as of this writing, four are progressing well 


with NR. 
RESULTS 

Each of the 168 patients with ulcerative colitis who 
underwent pullthrough operations experienced marked 
clinical improvement after colectomy. One patient died 
within 72 hours after the second-stage reservoir construc- 
tion of shock and acute respiratory distress believed to be 
due to acute adrenal insufficiency. Two other patients died 
of metastatic carcinoma of the colon within three years 
after the second-stage operation. Six patients with colonic 
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Complications Following Pullthrough 
With Lateral Reservoir (N = 172)* 


No. (%) of Patients 















by Operation 
LR2 © LR1 
Complication (n- 97) (n=75) 

Reservoir inflammation 44 1 
Stenosis of reservoir outlet 14 1 
Stenosis of ileoanal anastomosis 16 7 
Intestinal adhesions, internal hernia 14 2 
Peri-Pullthrough sinus 6 2 
Cuff abscess 4 0 
lleostomy obstruction 3 2 
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Rectovulvar fistula 

Total with complications 

Total undergoing reoperation 

Total returned to permanent ileostomy 
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40 (41) 4 (5) 
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*LR2 indicates reservoir constructed at second operation; LR1, reservoir 
constructed at first operation. 


carcinoma were alive from 11 months to seven years (mean, 
3.8 years) following the pullthrough procedure, with no 
evidence of recurrent tumor. One patient with Crohn's 
disease had functioned well following an LR pullthrough 
procedure at 3% years’ follow-up; the other patient with 
Crohn's disease had a permanent ileostomy constructed 
within 18 months. 

Complications occurring in the 172 patients with LR 
after both the first-stage operation and closure of the 
ileostomy, with restoration of intestinal continuity, are 
summarized in the Table based on whether the reservoir 
was constructed at LR1 or LR2. Pouchitis occurred in 44 
of 97 patients who underwent LR2, with initial reservoir 
length exceeding 22 cm. Thirty of these 44 patients had 
either stenosis at the reservoir outlet or ileoanal anasto- 
motic stricture believed to be related to leaving a long 
rectal muscular cuff (> 6 em) or using a long ileal spout of 
more than 3 cm that produced kinking. Almost all patients 
with initial reservoir length of more than 25 em gradually 
developed marked reservoir enlargement with fecal stasis, 
diarrhea, bacterial overgrowth, increased gas production, 
and symptoms of frequency, urgency, nausea, and occa- 
sional incontinence. Most of these patients progressed well 
for the first 12 to 18 months, with five to eight bowel 
movements per day until the reservoirs became so large 
that they emptied only small amounts with each defecation. 
Elongated reservoirs were shortened in 34 of the patients 
who had the initial reservoirs constructed longer than 
20 em, accounting for the majority of reoperations.!^!* The 
proximal portion of the reservoir was resected while 
preserving the blood supply to the distal reservoir pull- 
through segment. The reservoirs were shortened to a mean 
length of 15 cm; reanastomosis to the ileum was performed 
without protecting ileostomy for each patient. Reservoir 
outlet strictures were corrected simultaneously in 14 pa- 
tients. All patients with shortened reservoirs experienced 
dramatic improvement in their clinical course within one 
month, which has been maintained with a mean follow-up 
of 2.3 years. Reservoir inflammation or enlargement oc- 
curred in only one patient who underwent LR1 and who 
had an ileoanal stricture that was not corrected early and 
in whom the reservoir did not exceed 16 cm in initial 
length. 

Ileoanal anastomotie stenosis occurred in 23 of the 
patients with an LR and in four patients with NR. Stenosis 
correlated closely with the presence of severe inflammation 
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in the rectal mucosa and thickened and/or short ileal 
mesentery; only one patient with polyposis developed 
ileoanal stenosis. The narrowing was sufficiently mild to 
be corrected by three or fewer dilatations on an outpatient 
basis in most patients; seven underwent dilatation and 
incision while under anesthesia. Four patients have used a 
rectal catheter one to three times daily for reservoir 
decompression but have participated in vigorous physical 
activities and busy social lives. 

Thirteen patients with LR had postoperative intestinal 
obstruction from adhesions after the first or second oper- 
ation and required laparotomy. Another three patients 
experienced internal hernias either together with adhe- 
sions or extending beneath the mesentery of the pull- 
through segment of the ileum. Ten patients (two with NR) 
had a sinus tract extending up from the ileoanal anasto- 
mosis. In two patients, the sinus tract was sufficiently 
extensive to require mobilization of the pullthrough from 
the rectal muscle cuff and construction of a new pullthrough 
protected by a temporary ileostomy. In three patients, a 
drain was placed between the rectal muscle cuff and the 
ileal pullthrough segment and brought through the anus; 
the sinus was irrigated three times daily with antibiotic 
solution with spontaneous closure occurring within six 
weeks in each. In five patients, short sinus tracts were 
marsupialized to the ileal pullthrough lumen without ile- 
ostomy. 

Rectal muscle cuff abscess occurred in five patients in 
our early clinical experience, and despite attempts at 
drainage by laparotomy, three of the patients eventually 
had the reservoir removed because of extensive scarring 
in the pelvis. The other two patients have recovered, with 
mild strictures that have responded to dilatation. Recto- 
vulvar fistulas occurred in three patients, two of whom had 
sustained injury to the anal sphincter mechanism during 
previous vaginal delivery. All underwent successful repair, 
two with a temporary protecting ileostomy. Five patients 
experienced ileostomy obstruction after the first operation, 
three of whom required simple operative correction. 

In summarizing complications, six (3.596) of the 172 
patients with LR, one of whom had Crohn's disease, had 
the pullthrough segment removed and had an ileostomy 
constructed, with removal of the reservoir; all were among 
the first 50 patients treated. Three patients with SR were 
returned to a permanent ileostomy or Kock pouch. Forty- 
four of the 172 patients with LR and 12 of the 15 patients 
with NR underwent reoperation for one or more of the 
complications already mentioned (Table). Of the 97 patients 
who underwent LR2, 40 (41%) underwent one or more 
reoperations. Only four (5%) of the 75 patients who under- 
went LR1 had reoperation. Only 11 (10%) of the last 110 
patients who underwent LR1 or LR2 required a major 
reoperation. Of the 184 patients who underwent the pull- 
through operation reviewed in this report, 157 (9096) of 172 
with LR are functioning well, as of this writing (mean, 3.9 
years' follow-up). The average number of bowel movements 
per 24 hours is 5.2. Seepage or incontinence is rare. Two 
of the five patients with SR, one of the patients with JR, 
and the remaining four patients with NR are asympto- 
matic. Fifty-six patients are participating in active or 
vigorous athletic activities. None of the 87 male patients 
has experienced impotence or evidence of retrograde ejac- 
ulation. Detailed review of the last 110 patients shows that 
all but three are currently functioning well, indicating the 
decreased number of complications as our clinical experi- 
ence has increased. 


COMMENT 
As clinical experience with the endorectal ileal pull- 
through operation has increased, it has been well docu- 
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mented that anorectal sensory and continence mechanisms 
can be preserved and function well if the anal sphincter 
and low rectal muscle are not disturbed, even if the entire 
rectal mucosa is removed down to the dentate line. The 
length of rectal muscle retained above the ileoanal anas- 
tomosis need not be longer than 4 to 5 em; shorter muscle 
euffs may increase the risk of retrograde ejaculation and/ 
or impotence. Longer muscle cuffs cause reservoir com- 
pression and are prone to contracture, may cause pouch 
angulation, and appear to provide no useful function. 

Although a recent report" indicates that the straight 
pullthrough produces continence with similar stool fre- 
quency as when a reservoir is used, our clinical experience 
has been quite different. Eleven of the 15 patients with 
NR had such severe frequency, urgency, and, eventually, 
incontinence that they requested that the pullthrough be 
discontinued and that an ileostomy be constructed. Each 
of the ten patients who had an unacceptable result with 
NR underwent suecessful conversion to an LR, with an 
average of six to eight stools per 24 hours within four 
weeks. Although it may be technically difficult to construct 
a reservoir and perform a pullthrough at the first operation 
in certain obese patients or those with a thick and/or short 
ileal mesentery, a straight pullthrough can almost always 
be performed. At the second operation in four months, 
almost invariably the mesentery will be elongated and the 
straight pullthrough can be mobilized from the pelvis, a 
reservoir constructed, and a new pullthrough performed. 
Only rare patients in our experience will progress well 
with NR. 

Although a variety of ileal reservoirs are currently in 
clinical use (SR, JR, LR, and W-shaped reservoir), with 
somewhat comparable early results with regard to stool 
frequency and continence, it has become apparent that 
pouchitis is more common in larger reservoirs that empty 
only partially with each defecation. In contrast to colonie 
mucosa, the ileal reservoir mucosa becomes inflamed when 
stasis and bacterial overgrowth occur, leading to diarrhea, 
urgency, frequency, and oecasional incontinence. Although 
many patients will be relieved of symptoms by adherence 
to a constipating diet and use of antidiarrheal medications, 
metronidazole, bulking agents, and rectal irrigations, the 
symptoms often recur if only partial emptying occurs. 
Stenosis at the ileoanal anastomosis or lower end of the 
reservoir may appear to be a mild, annoying problem but 
can cause reservoir distention, stasis, and pouchitis if not 
corrected early. Many patients develop reservoir enlarge- 
ment with no apparent cause. 

Gradual enlargement of ileal reservoirs during the first 
year is anticipated regardless of the configuration. Since 
the daily fecal output for most patients with a pullthrough 
operation varies between 600 and 1000 mL, reservoirs with 
a capacity of more than 350 mL would appear to be 
unnecessary and may be counterproductive. 

Reservoir enlargement of sufficient magnitude to pro- 
duce chronic pouchitis may not become evident for more 
than 18 months after operation; however, when symptoms 
persist despite therapy (as above), operative shortening of 
the reservoir (combined with relief of outlet stenosis when 
necessary) may relieve the pouchitis permanently, as with 
34 patients in this report. The LR lends itself particularly 
well to the shortening procedure, with no major complica- 
tions in any of the patients. Our limited experience with 
reservoir modification or shortening for the SR and JR 
were less successful because of the more complex vascular 
supply to the lower end of the reservoir. 

An important observation from the present clinical 
review is that almost all complications following the endo- 
rectal ileal pullthrough procedure were surgically correct- 
able when recognized and treated early. Temporary ileos- 
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tomy may be necessary in certain patients with extensive 
peri-pullthrough sinuses, rectovulvar fistulas, or severe 
pouchitis, as in 14 patients in this report; however, each of 
these complications can be corrected operatively, and eight 
of the ileostomies have been closed. Most complications 
occurred early in our clinical experience; none of the last 
125 patients has had the reservoir removed and had a 
permanent ileostomy constructed, as of this writing. Since 
the endorectal pullthrough procedure is somewhat com- 
plex, and is usually performed on sick patients with severe 
colitis who have received high-dose corticosteroid therapy, 
a completely diverting end ileostomy for three to four 
months is essential to reduce pelvic complications. 

During the past three years, the LR1 technique has 
replaced the original LR2 procedure in our hospital. Both 
operating time and hospital stay have been shortened; 
complications requiring reoperation have been reduced to 
5%. Reduced complications have been observed after the 
use of a short rectal muscle cuff, a short ileal reservoir, a 
short ileal spout, and removal of all rectal mucosa down to 
the dentate line. Long-term follow-up is necessary to 
recognize some of the more insidious complications of the 
ileal reservoir. 


References 


1. Nissen R: Sitzungsberichte der Berliner Gesellschaft fur Chirurgie 
von 14. Zentralbl Chir 1933;15:888-893. 

2. Ravitch MM, Sabiston DJ Jr: Anal ileostomy with preservation of the 
sphincter: A proposed operation in patients requiring total colectomy for 
benign lesions. Surg Gynecol Obstet 1947;84:1095-1099. 

3. Martin LW, LeCoultre C, Schubert WK: Total colectomy and mucosal 
proctectomy with preservation of continence in ulcerative colitis. Ann Surg 
1977;186:477-480. 

4. Parks AG, Nicholls RJ, Belliveau T: Proctocolectomy with ileal reser- 
voir and anal anastomosis. Br J Surg 1980;67:53-58. 

5. Fonkalsrud EW: Endorectal ileal pullthrough with ileal reservoir for 
ulcerative colitis and polyposis. Am J Surg 1982;144:81-87. 

6. Utsonomiya J, Iwama T, Imago N, et al: Total colectomy, mucosal 
proctectomy, and ileoanal anastomosis. Dis Colon Rectwm 1980;23:459-466. 

7. Cohen Z, McLeod RS, Stern H, et al: The pelvic pouch and ileoanal 
anastomosis procedure: Surgical technique and initial results. Am J Surg 
1985;150:601-607. 

8. Metcalf AM, Dozois RR, Kelly KA, et al: Ileal ‘J’ pouch-anal anasto- 
mosis: Clinical outeome. Ann Surg 1985;202:735-739. 

9. Schoetz DJ Jr, Collar JA, Veidenheimer MC: Ileoanal reservoir for 
ulcerative colitis and familial polyposis. Arch Surg 1986;121:404-409. 

10. Telander RL, Perrault J: Total colectomy with rectal mucosectomy 
and ileoanal anastomosis for ulcerative colitis in children and young adults. 
Mayo Clin Proc 1980;55:420-424. 

11. Zwiren GT, Andrews HG, Caplan DB: Total colectomy with ileoen- 
domuscular pull-through in the treatment of ulcerative colitis in children. 
J Pediatr Surg 1981;16:174-179. 

12. Fonkalsrud EW: Endorectal ileoanal anastomosis with isoperistaltic 
ileal reservoir after colectomy and mucosal proctectomy. Ann Surg 
1984;199:151-157. 

13. Fonkalsrud EW: Update on clinical experience with different surgical 
techniques of the endorectal pull-through operation for colitis and polyposis. 
Surg Gynecol Obstet 1987;165:309-316. 

14. Fonkalsrud EW, Stelzner M, McDonald N: Construction of an ileal 
reservoir in patients with a previous straight endorectal ileal pullthrough. 
Ann Surg, in press. 

15. Stone MM, Lewin K, Fonkalsrud EW: Late obstruction of the lateral 
ileal reservoir after colectomy and endorectal ileal pullthrough procedures. 
Surg Gynecol Obstet 1986;162:411-417. 

16. Stelzner M, Fonkalsrud EW, Lichtenstein G: Significance of reservoir 
length in the endorectal ileal pullthrough with ileal reservoir. Arch Surg, in 
press. 

l7. Morgan RA, Manning PB, Coran AG: Experience with the straight 
endorectal pullthrough for management of ulcerative colitis and familial 
polyposis in children and adults. Ann Surg 1987;206:595-599. 

18. Nicholls RJ, Moskowitz RL, Shepherd NA: Restorative proctocolec- 
tomy with ileal reservoir. Br J Surg 1986;72(suppl):576-579. 


Discussion 


TimotHy G. Canty, Sr, MD, San Diego: This increase in 
experience from 19 cases six years ago to 184 cases presently 
represents an enormous clinical undertaking and a significant 
contribution to surgical experience. 

There seems to be no question that some form of endorectal 
pullthrough reconstruction has become the operation of choice in 
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patients with ulcerative colitis and familial polybosis. This is 
especially true in the pediatric age group, where the prospect of 
permanent end ileostomy is abhorrent to children, their parents, 
and their pediatricians. However, there continues to be discussion 
and eontroversy as to which of the many operative procedures 
available is best. This presentation gives serious consideration to 
the LR. ' 

The original LR technique proposed by Dr Fonkalsrud has 
undergone several significant technical changes. The early reser- 
voirs were larger, with a longer efferent limb to the anus, brought 
through a long muscular cuff; they were fashioned in two stages, 
each long and tedious. These pouches frequently became distended 
and did not empty well secondary to obstruction at the efferent 
end; pouchitis was common. As mentioned, many required revision 
and a few required total removal. The present technique includes 
the construction of a small isoperistaltic LR (15 em), with a short 
(1- to 2-em) efferent limb to the anus, bringing the pouch well 
down into a short muscular sleeve in the pelvis. All colonic mucosa 
is excised to the dentate line. This is now all performed at the 
first operative procedure, along with a diverting ileostomy. This 
technique, now reported in well over 70 recent patients, has a 
negligible incidence of pouchitis and other complications. Func- 
tional results appear excellent. This is a major contribution. 

I have used the LR technique in 16 patients over the years and 
have modified the procedure in parallel with the authors. These 
modifications are essential to the success of this procedure. I, as 
others, still have some reservations about this technique. This is 
a very difficult operation, with multiple technical pitfalls and 
chances for disaster. The learning curve, as has been presented, 
is steep and painful for both patient and surgeon. Fortunately, Dr 
Fonkalsrud with his perseverance has overcome most of the 
problems for us. 

One aspect infrequently discussed with all of these procedures 
is the disturbing stool frequency immediately after reconstruction 
before the final stool pattern, often quoted at six to eight “loosish” 
stools per day, becomes established. This period of very frequent 
stools (15 to 30 per day) is often prolonged over one year. The 
disability, shame, discomfort, and general disruption of quality of 
life this produces cannot be understated. Many a patient begs to 
have the procedure reversed during this stage. I would ask Dr 
Fonkalsrud how he and his patients cope with this problem. 

THoMas R. RussELL, MD, San Francisco: In 1988, the majority 
of patients requiring coloproctectomy seek some sort of a continent 
operation for their elimination as opposed to a standard Brooke 
ileostomy. The ileorectal pullthrough procedure is in vogue now 
as opposed to ten years ago, when the continent ileostomy was 
the procedure of choice. 

There are complications. It is a difficult procedure to perform. 
It takes time, and the complications are not only immediate but 
may be delayed. Certain patients, particularly in the adult groups, 
are left with simply unacceptable results with a true perineal 
ileostomy that are very difficult to control. For some patients, the 
right operation remains a coloproctectomy with a standard Brooke 
ileostomy. 

One of the real limitations of this operation is the length of 
superior mesenteric artery. How do you get it to go down to the 
anus, particularly in obese patients? I have felt that this operation 
is contraindicated in an obese patient. 

A number of patients have had carcinoma. How do you screen 
your patients preoperatively, and do you think that an operation 
that has a fair number of complications is advised in patients with 
malignancy? 

Why does the LR work so much better, as opposed to the S or 
J pouch, which are done more frequently worldwide? 

Finally, if patients have a perineal ileostomy that needs to be 
converted to either a continent pouch or a regular ileostomy, do 
you take out the pouch or do you simply convert them and leave 
the pouch in place? 

Davip Tapper, MD, Seattle: Dr Fonkalsrud previously de- 
scribed the first 19 patients who had an operation in which the 
second part was much more difficult than the first. Now, through 
persistence and ingenuity, he has developed an operation that one 
could use. You have to continue to modify new operations as he 
has done both in the laboratory and at the bedside. 

What do you see as the advantages of the LR over the SR or 
JR? Is it the isoperistaltic nature of the intestine? Does it matter 
whether or not the isolated limb originates proximally or distally 
from the segment that you have isolated? At your first operation, 
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do you remove the entire diseased colon and then proceed m 
the first stage of the creation of the reservoir? Or have most of 
your patients already had a subtotal colectomy, discontinued 
steroid therapy, and then returned to surgery? Is this then a 
three-stage operation? 

WILLARD E. Goopwin, MD, Los Angeles: This same kind of 
operation is occurring in urology for replacement of the bladder 
that has to be removed due to cancer. Particularly notable is Don 
Skinner, MD, at University of Southern California, Los Angeles, 
who is very enthusiastic about the Kock pouch, ie, cutaneous 
urinary diversion with continence. He is now putting that pouch 
on the terminal bowel to replace the bladder. 

Dr FoNkALsRUD: The points Dr Canty emphasized probably 
aecount for many of the improvements that we have seen during 
the past several years. Regarding stool frequency during the first 
12 months, this is largely a problem of having either a too-long or 
a noncontracting reservoir. Ileal peristalsis in a straight pull- 
through carries fecal contents through the anus rapidly and 
frequently. On the other hand, a small reservoir will gradually 
expand during the ensuing three months, store fecal contents, and 
slow down the peristaltic activity. We were misled by animal 
laboratory studies that showed that peristaltic movements pro- 
gressed through adjacent loops of bowel constructed as an isoperi- _ 
staltic reservoir. Active peristalsis does not seem to occur in 
human ileal reservoirs as long as one year after operation. 

Methods of reducing stool frequency postoperatively include a 
constipating diet, the use of loperamide hydrochloride, atropine 
sulfate, and, occasionally, codeine at night. We use metronidazole 
(Flagyl) for six to eight weeks to decrease bacterial growth in the 
reservoir, as this seems to play a role in production of diarrhea 
and stool frequency. Small amounts of psyllium husk (Metamucil) 
may add some bulk. 

Dr Russell, pullthrough procedures, or even the Kock pouch, 
have to be compared with the excellent results achieved with the 
standard proctocolectomy. A few detracting features of the proc- 
tocolectomy have been obviated with the pullthrough. The 5% 
incidence of impotence or bladder dysfunction is almost completely 
obviated when one leaves a short muscle cuff of 5 cm. None of the 
87 male patients in our series have developed impotence, as of this 
writing. The persistent perineal sinus that may last for many 
months after proctocolectomy does not occur after the pull- 
through; the space in the pelvis is filled with the pullthrough 
segment. 

With regard to the length of the superior mesenteric artery, one 
must mobilize it up to the origin from the aorta to allow the ileum 
to reach the anus without tension. We have continued to use the 
LR, as it is easier to get the end of the ileum to the anus than the 
side, particularly with a thickened mesentery. All but six of our 
patients with colitis had been receiving high-dose prednisone 
therapy at the time of operation. They often had thick mesenteries 
and abdominal walls, making it easier technically to anastomose 
the end rather than the side of the ileum to the anus. 

For patients in whom we have difficulty bringing the ileum to 
the anus without tension, we construct a straight pullthrough and 
then do a protecting ileostomy. At the second operation, we lift 
the straight pullthrough out of the pelvis, construct the reservoir, 
and bring it back down again. The mesentery usually elongates 
during the period between operations. 

Regarding the question of whether to remove the pouch or to 
leave it in for patients who have complications, it depends much 
on the age and general feelings of the patient. In young patients, 
I would leave the reservoir in place and do a temporary ileostomy. 
One can lift the whole reservoir out later, modify it, and bring it 
back down again with or without a protecting ileostomy. Four 
months later, one can close the ileostomy with high anticipation of 
a good functional result. 

Dr Tapper, at the first operation we remove the entire colon 
with sigmoid and rectal mucosa. Only 12 patients from our series 
had a previous colectomy performed at another institution. We 
have not found it necessary to perform a three-stage operation, 
regardless of the severity of the disease. Patients who have very 
severe rectal disease actually do about as well as those who have 
had long-standing chronic disease. The most difficult patients are 
those who have had disease for 20 to 30 years and who have very 
tight rectal muscle spasm. 

Dr Goodwin, thank you for calling our attention to the progress 
being made with the use of reservoirs for continent bladder 
reconstruction. 
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The Treatment of Breast Cancer: 


IT. A 20-Year Follow-up and Reappraisal of the En Bloc Principle 


Clare G. Peterson, MD 


è This retrospective study of the extended Oregon Series 
(1940 to 1965) of patients with breast cancer, first reported in 
1961, compares the now long-term results of treatment of 
pathologic stage T2/3 NO breast cancers with intent to cure by 
the following two en bloc ablative operative procedures of 
variable extent and completeness: standard radical mastec- 
tomy vs ultraradical mastectomy. The extent and complete- 
ness of the en bloc procedure are shown again to be critical 
determinants of local control and survival. The local recur- 
rence rate for standard radical mastectomy is 12.4% (8/70) 
and for ultraradical mastectomy it is 0% (0/78). Proportionate 
survival at 20 years for standard radical mastectomy was 
59.8% (95% confidence limits, 0.598 + 0.14) and for ultraradical 
mastectomy it was 98.1% (95% confidence limits, 0.981 + 0.04). 

(Arch Surg 1988;123:1059-1062) 


ifty years after Halsted, despite evidence supporting 

the en bloc principle,' world surgery was reacting with 
frustration and disillusionment to the barrier of a seem- 
ingly fixed and immutable approximate 2546 failure rate of 
radical mastectomy in axillary node-negative patients five 
to ten years after mastectomy. 

One school of surgeons responded by summarily reject- 
ing the en bloc principle and/or embracing the concept of 
biologic predeterminism.** This led to a host of clinical 
trials with new modalities and combinations of treatments, 
based on the premise that breast cancer from its inception 
is a systemic disease and thus, by definition, is beyond the 
capacities of surgery to influence survival. Surgeons, 
radiologists, medical oncologists, and cancer biologists of 
this persuasion?* have been prolific formulators of clinical 
trials designed to explore the treatment of breast cancer 
by alternative methods.*'^ Present-day clinical trials with 
new treatment protocols based on this “alternative theory" 
of Fisher® emphasize breast-conserving (“conservative”) 
operations or surgery in combination with nonsurgical 
modalities of therapy (radiation, hormonal manipulation, 
chemotherapy). 

Each new clinical trial adds to the litany of indictments 
of the en bloc principle in general, and radical mastectomy 
in particular. 

The concept of biologic predetermination and the validity 
of the en bloc principle of cancer surgery are not mutually 
exclusive positions. From the perspective of cancer biology, 
the exponential growth of new knowledge and understand- 
ing of cell biology and cancer dynamics is of vital impor- 
tance. In our present state of knowledge, however, it is of 
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questionable relevance in the clinical management of the 
individual patient with operable breast cancer. 

There would seem to be ample confirmation that breast 
cancer is generally a predictable disease. Simply stated, 
breast cancer is a progressive disease." In general, the 
larger the primary tumor mass, the greater the prospect 
of tumor progression beyond early direct invasion, with 
early intraparenchymal and dermal lymphatic extension. 
This time-related process inevitably leads to regional 
lymph node involvement, a greater possibility of distant 
metastases (systemic disease), and ultimately lower rates 
of primary tumor control and lower survival rates. 

None of this is new information, but it is important. 
Based on such a cumulative body of evidence, clinical 
experience, and clinicopathologic correlates, these “truths” 
would seem scarcely to require bibliographic support. 
Taken together, they state the credo of the en bloc principle 
of cancer surgery. Looked at from this point of view, a 
failure in en bloc therapy (radical mastectomy) becomes 
either (1) a failure of staging or (2) a failure of the individual 
operation in relation to the extent of the tumor, ie, a failure 
of the operation as a true en bloc procedure. 

In 1894, Halsted? branded Volkmann's operation for 
breast cancer “incomplete and imperfect.” Matas in turn 
(1898) criticized Halsted’s operation, calling the terms 
complete and radical misnomers.'* We chose to challenge 
the problem of treatment failure in operable breast cancer 
by increasing to an optimum the en bloc procedure well 
beyond the standard radical mastectomy.'*!* Ultraradical 
mastectomy is an operation based on the original formu- 
lation of Halsted, the critical modification of Willy Myer, 
the technical refinements of Haagensen, and other modi- 
fications designed to increase both the scope and complete- 
ness of the en bloc procedure.' 

The first report of this comparative study was published 
in 1961.' The present 20-year follow-up report will bring 
the extended Oregon Series (1940 to 1965) up to date, with 
particular emphasis on the important axillary node-nega- 
tive (clinical stages I and II) patients. 


PATIENTS AND METHODS 


A detailed description of the Oregon Series! has already been 
reported. The original clinical trial was continued through 1965, 
substantially enlarging the series size. The extended series has 
provided a subset of 148 patients with breast cancer (T2/3 NO) 
treated by standard radical mastectomy (group A- patients) vs 
ultraradical mastectomy (group B- patients) (Table 1). 


Patient Characteristics and Randomization 


l. All patients with breast cancer were entered into the Tumor 
Clinic/Tumor Registry system- of the Department of Surgery, 
University of Oregon Medical School Hospitals and Clinies, Port- 
land (Oregon Health Sciences University). 

2. Tumor board criteria of operability were generally more 
liberal than Haagensens5 criteria of operability and inoperability. 

3. Once a clinical judgment of operability with curative intent 
had been made by the multidisciplinary tumor board, patients 
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Table 1.—T2/3 Cases of Breast Cancer in the Oregon Series 
(1940-1965) 








Standard 
Ultraradical Radical 
Mastectomy Mastectomy 


(n=78) (n=70) 















Mean patient age, y 58.8 62.6 
Invasive, infiltrative 

ductal/lobular carcinoma Present Present 
"Minimal breast cancer" 0 0 
Mean tumor size, cm 3.88 3.54 


Axillary node/status pNO pNO 


Preoperative assessment, criteria of 


operability tumor board/OHSU* Yes Yes 
Randomization on university 

hospital admission Yes Yes 
Operation/intent to cure Ultraradical Radical 


Operating time, min =300 =100 
*OHSU indicates Oregon Health Sciences University, Portland. 





were hospitalized on the general surgical services of the university 
hospital. 

4. At this point, a unique prospective randomization of patients 
occurred, based on the pattern of random hospital admission to 
general surgical services, and the rotational pattern of attending 
staff surgeon assignment. As a result, distinctive differences in 
surgical philosophy and operative technique were reflected in the 
treatment of individual patients with breast cancer. 

5. The random allocation of patients to our two surgical services 
established a homogeneous patient population for later study that 
showed no detectable subjective bias.: Patients were stratified and 
subdivided into four groups for retrospective analysis only after 
the completion of their initial operative treatment. 

6. The patients were comparable in terms of age and tumor size 
(Figs 1 and 2). 

7T. All patients were treated, after biopsy-proven diagnosis of 
invasive infiltrating breast cancer, by standard radical mastectomy 
or ultraradical mastectomy. In the absence of a fixed service policy 
dictating the magnitude of the radical mastectomy, there was wide 
variation in the extent and completeness of the operation. 

8. Thus, a prospective randomized clinical trial evolved: stan- 
dard radical mastectomy (series A) vs ultraradical mastectomy 
(series B). 

9. Axillary node status (pN0/pN +) was established in all cases 
by extensive histologic examination of all tissues resected. From 
this, four subgroups were derived based on pathologic axillary 
node status. The present study is confined to an evaluation of 
axillary node-negative patients. 

10. No patient was given adjunctive therapy (radiation, hor- 
monal manipulation, chemotherapy) as a part of the initial treat- 
ment or in the postmastectomy period as long as the patient 
remained disease free. 


Surgical Techniques 


Standard Radical Mastectomy (Series A).—The conventional 
standard operation'^/5 is characterized by a limited and incomplete 
en bloc dissection. The skin flaps tend to be thick with a limited 
tumor margin. The axillary dissection often loses its en bloc 
character and the axillary vein is seldom completely cleared by 
the dissection. The long thoracic and thoracodorsal neurovascular 
(lymphatic) bundles are invariably protected and preserved. This 
operation is usually a more rapid dissection (average operating 
time, approximately 100 minutes in the first 50 cases in the Oregon 
Series). 

Ultraradical Mastectomy (Series B).—With several notable 
differences, the ultraradical mastectomy is based on the techni- 
cally refined and meticulously detailed operative procedure of 
Cushman Haagensen." These differences, however, are not incon- 
sequential. 

The widest possible en bloc resection of the dermal lymphatic/ 
subeutaneous tumor field was done, creating an operative wound 
defect of 400 to 500 em? that required extensive split-thickness 
skin graft coverage in every instance. The "axillary skin-short 
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Patients, % 


Age, y 


Fig 1.—Ages of patients undergoing standard radical mastectomy 
(broken line; n=58; mean age, 62.6 years) and ultraradical 
mastectomy (solid line; n — 73, mean age, 58.8 years). 


50 


Patients, 96 
nO 
co 





Tumor Size, cm 


Fig 2.—Tumor size in patients undergoing standard radical mas- 
tectomy (broken line; n — 58; mean size, 3.54 cm) and ultraradical 
mastectomy (solid line; n — 57; mean size, 3.88 cm). 


case"'5 often required a sliding deltoid full-thickness flap. This 
allowed for the widest possible tumor field excision.'* The axillary 
en bloc dissection began with combined supraclavicular axillary 
node dissection. Influenced by our studies of perineural lymphatic 
extension of breast cancer, one or both neurovascular bundles 
(long thoracie/thoracodorsal nerves) were included in the en bloc 
resection in a high percentage of cases. 

With these modifications, this procedure becomes in fact a 
complete en bloc ablative procedure, extending peripheral limits 
of the dissection in all dimensions. This operation is, however, 
more time-consuming (average operating time, approximately 300 
minutes). 


20-Year Study Design 


This clinical study is restricted to the analysis of 148 node- 
negative cases drawn from the 165 patients with pNO lesions in 
the extended series (1940 to 1965). Group A- included 70 patients 
with standard radical mastectomy and group B- included 78 
patients with ultraradical mastectomy. Patients with "minimal 
breast cancer,"* synchronous or delayed contralateral primary 
breast cancer, or multiple malignant neoplasms were excluded 
from this study. In the statistical analysis, patients were censored 
for the following reasons: ambiguities in histologic diagnosis, 
staging error, clinical record inconsistencies, and postmastectomy 
entry of pNO cases into adjuvant study protocols. There were two 
lost medieal records, making long-term follow-up impossible. A 
96.2% (75/78) follow-up was achieved in the B- patient group. An 
87.2% (61/70) follow-up was achieved in the A- patient group. 
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Table 2.—Local Recurrence of T2/3 NO Breast Cancer in the 
Oregon Series (1940-1965) 










Group n Local Recurrence, No. of Cases 


Standard radical mastectomy 70 8 
Ultraradical mastectomy 78 0 








*y? = 7.34; df,1; P=.005. 


Table 3.—Life-Table Analysis of Proportionate Survival of 
T2/3 NO Breast Cancer Cases in the Oregon Series 
(1940-1965) 


Proportionate Survival* 
=. ———————————— 


Ultraradical Standard Radical 
Mastectomy Mastectomy 


5 1.000 (+0.00) 0.722 (+0.12) 

10 0.981 (+0.04) 0.626 (+0.14) 
15 0.981 (+0.04) 0.598 (+0.14) 
0 


0.981 (+0,04) 0.598 (+0.14) 
0.498 (+0.21) 


1 
2 
25 0.981 (+0.04) 


*Ninety-five percent confidence interval. 





Statistical Analysis 


The statistical significance of differences in local recurrence 
rates between the two operations was assessed by the x? test. 
Calculation of survival was performed by the actuarial method”?! 
and observed differences in the Kaplan-Meier survival curves for 
group A- patients (standard radical mastectomy, axillary node- 
negative patients; n=70) vs group B- patients (ultraradical 
mastectomy, axillary node-negative patients; n=78) were evalu- 
ated using the log-rank test.” ; 


RESULTS 
Local Recurrence. 


At the 20-year study interval, there were eight local 
recurrences (8/70; 11.4%) after standard radical mastec- 
tomy and no local recurrences (zero of 78) after ultraradical 
mastectomy. A x? test showed the two groups to differ 
significantly (Table 2; x? — 7.34; df,1; P=.005). 

All patients in the A- group (standard radical mastec- 
tomy) with local recurrence (eight of 70) were dead within 
four years eight months after operation (mean, 2.5 years; 
range, five to 56 months). In our earlier 1961 study of the 
entire series of the original group of patients with local 
recurrence, including both axillary node-negative and 
axillary node-positive patients, all such patients were dead 
or dying of disseminated cancer within five years after the 
initial operation.! 

There is a strong consensus that local recurrence (per- 
sistence) after operation is indication of failure of the en 
bloc procedure. There is little reason to change that 
conclusion now. In terms of prognosis for survival, these 
results strengthen the conclusion that the distinction 
between local recurrence and metastatic cancer is an 
arbitrary one. Failure of local control leads to a sequence 
of regional and systemic dissemination and death. 


Survival 


There was one death from breast cancer in the axillary 
node-negative patient group (n= 78) following ultraradical 


60 


40 


Life-Table Survival, % 


20 


Years After Mastectomy 


Fig 3.—Kaplan-Meier survival curves for patients undergoing | 


standard radical mastectomy (circles; n — 70) vs those undergoing 
ultraradical mastectomy (squares; n=78). By log-rank test, 
x? = 28.14; df1; P<.00001. 


mastectomy. Twenty-two documented deaths from breast 
cancer occurred in the comparison group of node-negative 
patients (n= 70) following standard radical mastectomy. 

At this writing, all 15 patients still surviving after 
ultraradical mastectomy were without evidence of malig- 
nant neoplasms. Their mean survival time after operation 
was 25 years (range, 21 years four months to 37 years 
three months). There were no survivors in the A~ patient 
group following standard radical mastectomy. 

Survival with no evidence of disease is the ultimate test 
of the effectiveness of therapy. Table 3 and Fig 3 summarize 
the results of our 20-year follow-up study. We believe with 
others»? that the extent and the completeness of the 
initial en bloc operative procedure is a critical prognostic 
discriminant. This position is reaffirmed by the life-table 
analysis and Kaplan-Meier graphic display that demon- 
strate a highly significant survival advantage for patients 
treated by ultraradical mastectomy. A log-rank test of the 
two curves is unequivocal: x? — 28.14; df, 1; P<.00001. 


COMMENT 


The data base provided by this prospective randomized 
series is a powerful statement reaffirming the conceptual 
philosophy of the en bloc principle in the treatment of 
breast cancer. 

The evidence is conclusive that the magnitude of the en 
bloc operation, its completeness, and the quality of the 
operative procedure are critical factors in the prognosis 
for survival. Given our present state of knowledge, the 
contemporary trend to experiment with treatment for 
clinieal stage I/II breast cancer by abandonment of the en 
bloc principle is counterproductive. More widespread ac- 
ceptance and use of complete en bloc breast cancer surgery 
would yield immediate and predictable improvements in 
the control of local recurrence and the prognosis for 
disease-free survival. 

I wish to thank Dave Phillips, PhD, Professor of Public Health and 
Preventive Medicine, Department of Publie Health and Preventive Medicine 


(Biostatisties Section), Oregon Health Sciences University, for the statistical 
analysis in the present study. 
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Discussion 


RicHARD E. AHLQUIST, JR, MD, Spokane, Wash: Dr Peterson 
has once again emphasized the virtues of the wide en bloc 
dissection. He has eliminated the problems of multicentricity and 
loeal recurrence and has achieved a remarkable 9896 survival at 
20 years in patients with stages I and II invasive breast cancer 
using this procedure. His associates at the Oregon Health Sciences 
University who used the standard radical mastectomy did not fare 
so well. The local recurrence rate in their patients was 11% with 
a survival of approximately 60%, which I believe is comparable 
with statistics presented in the literature on modified radical 
mastectomy and other standard radical mastectomies. 

Despite the present study, the choice of primary treatment in 
operable breast cancer is still very confusing and remains a 
surgeon's dilemma. It was hoped the ongoing National Institutes 
of Health studies would remedy this situation, but I do not believe 
this has occurred. What is a surgeon to do at this time? We can 
present our patients and medical colleagues with Dr Peterson's 
findings, but in 1988 I would doubt very much if we would convert 
many disciples to these extended en bloc recommendations. 

The trend is toward a lesser operation combined with either 
irradiation or chemotherapy or both. We do not know the long- 
term outcome of these lesser procedures. We may be very disap- 
pointed in the future and find that the change has been a bad 
mistake. Unfortunately, breast preservation and reconstruction 
have an even higher priority than cure in the minds of many. This 
is not a very scientific approach to the problem, but in 1988 is a 
fact. 

JAMES GOODNIGHT, JR, MD, Sacramento, Calif: These results 
with surgery alone as treatment for a disease that people of my 
generation have come to accept as systemic at the time it is 
diagnosed are extraordinary All of us have seen outstanding 
clinical results from a single study, but when those results are 
subjected to a formal prospective randomized trial, we have found 
that unfortunately they cannot be reproduced. 

Dr Mattox and his group at the University of Alabama have 
compared standard radical mastectomy with modified radical 
mastectomy. Their five-year data, while not statistically signifi- 
cant, showed an improvement in survival and in local control 
favoring the more radical procedure. That study needs to be 
watched with great interest. 

I would readily offer my patients’ participation in a prospective 
study comparing this extended, aggressive procedure with a more 
limited mastectomy (something that is more in vogue at this time). 
It is important. We simply do not have alternatives to offer. 
Chemotherapy has not proven over the past ten or 12 years of 
experience to alter survival radically in these patients. 

The addition of radiation therapy introduces too much morbidity 
despite improvement in local control. We are beginning to return 
to the possibility, if we can indeed believe these extraordinary 
results, that aggressive local control can improve survival. 

WILLIAM PorLLock, MD, Santa Monica, Calif: Dr Peterson has 
excluded patients with second-side involvement; we all know that 
a certain percentage of those patients must represent metastatic 
rather than second primary disease. I would like to ask him to 
comment on that. At the time of diagnosis the lesions were 
between 3.5 and 3.8 cm in diameter, which is a size that we are 
not seeing currently because of mammography. Is surgery of this 
kind appropriate for patients with mammographically identifiable 
lesions that may not be clinically palpable? Finally, every previous 
study that I know of has stated that the addition of supraclavicular 
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dissection does not add anything to the long-term prognosis. Why 
has Dr Peterson included this dissection in his procedure? 

ARMANDO E. GiuLIANO, MD, Los Angeles: Can Dr Peterson 
account for the fact that only seven, or approximately 10%, of the 
patients treated with the radical mastectomy had local recurrence? 
More than 1046 of those patients eventually died. 

If the ultraradical operation is more effective in controlling local 
disease but does not affect metastatic disease, how can there be 
such a difference in survival between the two groups? Survival 
should differ by only 10% if we accept the premise that local 
control determines survival. 

Dr PETERSON: What I am reporting is what happened; I 
certainly cannot explain everything. 

Colin Thomas of Chapel Hill carried out elegant clinical studies 
of the progression of injected colloidal radioactive gold in patients 
with breast cancer and demonstrated the predominant lymphatic 
flow from all areas of the breast, in the absence of axillary node 
metastases, to be by way of the axillary lymph nodes. Less than 
1% to 2% of lymphatic flow was in the direction of the internal 
mammary lymphatics. The results of our study support Thomas’ 
findings and we are led to conclude that the dermal lymphatic 
field, in the absence of axilary node metastases, is a more 
significant area of lymphatic drainage than the internal mammary 
chain. 

The time of occurrence and the fate of the free circulating cancer 
cell in breast cancer cases is a matter for speculation, but the 
long-term survival results of our patients with breast cancer 
treated by ultraradical mastectomy do not support the hypothesis 
that breast cancer is, as postulated by many, a systemic disease 
from its onset. 

There were two cases of dysynchronous contralateral breast 
cancer in the ultraradical mastectomy group that were excluded 
from the statistical study. These cases were judged to be contra- 
lateral primary cancers by the time relationship between their 
clinical presentation in relation to the first breast cancer treated, 
histopathologic criteria, and occurrence as solitary lesions. In 
breast cancer cases demonstrating metastatic spread as cross 
metastases from one breast to the other, the metastases to the 
opposite breast are rare unless the dermal lymphatic field of the 
area operated on is heavily involved with dermal (multiple) 
metastatic lesions. 

As to the question of the optimal operation for primary breast 
cancer in 1988, the only certainty is that we do not have, with any 
degree of absolute verity, methods for predicting before operation 
either the true extent of the individual breast cancer in any one 
patient or its intrinsic malignant potential. But we can be assured 
that there will be approximately 50000 or more new cases of 
breast cancer each year in the United States that will prove to be 
axillary node-negative cases, with a demonstrated success rate 
from en bloc ablative surgical procedures that have stood the test 
of time and will be successful in direct relationship to the extent, 
completeness, and quality of the en bloc procedure. 

The dilemma remains: there should be less reason for contro- 
versy. You must each make your own judgments. Given our present 
knowledge, I do not have the slightest doubt that if you value 
patient survival beyond other considerations and if the patient 
agrees, she will opt for something like the en bloc operative 
procedure that constitutes the ultraradical mastectomy of the 
Oregon Series. 
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Nonanatomic Hepatic Resection for Secondary 


Hepatic Tumors With Special Reference to 


Hemostatic Technique 


David A. Brown, MD; Rodney F. Pommier, MD; Eugene A. Woltering, MD; William S. Fletcher, MD 


e The techniques for resection of hepatic tumors have 
traditionally been based on lobar anatomy. The morbidity and 
mortality associated with hepatic resection have been most 


_ Closely correlated with intraoperative blood loss. The results 


of 37 hepatic resections for secondary neoplasms were ret- 
rospectively reviewed. This group included 18 patients who 
underwent anatomic resections and 19 patients who under- 
went nonanatomic resections. The nonanatomic group expe- 
rienced significantly less blood loss, shorter operating times, 
shorter hospital stays, and no significant difference in long- 
term survival. A positive relationship between blood loss and 
postoperative complications is demonstrated for the com- 
bined groups. These results support the use of nonanatomic 
resection whenever feasible for secondary hepatic tumors. 
We describe the technique for nonanatomic hepatic resection 
for metastatic lesions, with special emphasis on hemostatic 
techniques. 
(Arch Surg 1988;123:1063-1066) 


he techniques for resection of hepatic tumors have 

traditionally been based on the lobar anatomy, with 
right or left hepatic lobectomy, right trisegmentectomy, 
and left lateral segmentectomy being the most commonly 
performed procedures. The morbidity and mortality asso- 
ciated with hepatic resection have been most closely cor- 
related with intraoperative blood loss.'* Some studies have 
failed to show any differences in survival rates associated 
with the type of hepatic resection performed, with an 
expected five-year survival rate of 2096 to 3096 for patients 
with secondary neoplasms.*'" Length of survival in patients 
with unresected metastases is usually less than one 
year.'^* In our experience, nonanatomic hepatic resection 
ean reduce blood loss, operative time, complications, and 
hospital stay, yet provide survival comparable with that 
associated with anatomic hepatic resection. 


PATIENTS AND METHODS 


The results of 37 hepatic resections for secondary malignant 
neoplasms performed at Oregon Health Sciences University, Port- 
land, and affiliated hospitals during the period from Jan 1, 1975, 
to Aug 31, 1987, were reviewed. This group included 19 patients 
who underwent nonanatomic hepatic resection and 18 patients 
who underwent anatomic resection for one or two well-defined 
lesions amenable to nonanatomic resection. No children were 
included in the study. Mean age for the nonanatomic group was 
63.7 years, and for the anatomic group 62.3 years (range, 37 to 79 
years). The nonanatomic group included ten male and nine female 


Accepted for publication May 9, 1988. 

From the Department of Surgery, Division of Surgical Oncology, Oregon 
Health Sciences University, Portland. Dr Pommier is a Clinical Fellow of 
the American Cancer Society. 

Read before the 59th Annual Meeting of the Pacific Coast Surgical 
Association, San Francisco, Feb 24, 1988. 

Reprint requests to the Division of Surgical Oncology L-224A, Oregon 
Health Sciences University, 3181 SW Sam Jackson Park Rd, Portland, OR 
97201 (Dr Fletcher). 


Arch Surg—Vol 123, Sept 1988 


patients; the anatomic group included eight male and ten female 
patients. Lesions were found in all liver segments except segment 
1 in both groups. The nonanatomic group included 13 resections 
for solitary lesions, five resections for two lesions, and one 
resection for four lesions. The anatomic group included only one 
patient who had two lesions in the left lateral lobe, with all other 
resections being performed for solitary lesions. The 18 anatomic 
resections included seven right lobectomies, two left lobectomies, 
three trisegmentectomies (extended right lobectomies), and six 
left lateral segmentectomies. Lesion size for the nonanatomic 
group ranged from 1 em to 9.5 em and for the anatomic group 
from 1.5 em to 16 em. The lesions were synchronous in eight of 
the nonanatomic resections and in five of the anatomic resections. 
Three cases of metastatic gallbladder adenocarcinoma and one 
case of metastatic pancreatic glucagonoma were included in the 
nonanatomic group, with the remainder of the primary tumors 
being colon adenocarcinoma. The anatomic group included one 
case of metastatic cholangiocarcinoma, one case of metastatic 
breast adenocarcinoma, and one case of metastatic leiomyosar- 
coma of the colon, with the remainder of the primary tumors being 
colon adenocarcinoma. 

Comparison of age, sex, number of lesions, blood loss and 
replacement, operating time, postoperative hospital stays, and 
complications between the anatomic and nonanatomic group was 
performed using the Student t test. Statistical evaluation of the 
relationship between blood loss and complications and comparisons 
between survival distributions were performed using the x? test. 
Survival rates were determined by life-table analysis. All data 
were processed on a Hewlett-Packard 3000 (Hewlett-Packard, 
Bellevue, Wash) computer system using the Statistical Package 
for the Social Sciences (SSPS Inc, Chicago). 


RESULTS 


There were no statistical differences between the ana- 
tomic and nonanatomic groups with respect to age (P = .70), 
sex (P =.86), number of lesions (P=.06), number of non- 
colonic lesions (P =.74), or number of synchronous lesions 
(P =.37). Operative mortality for both groups was zero. 
The estimated intraoperative blood loss (EBL) for the 
nonanatomic group ranged from 100 mL to 2500 mL, with 
a mean of 932 mL. This contrasts sharply with the EBL 
for the anatomic group, which ranged from 500 mL to 
12000 mL, with a mean of 2800 mL. This difference was 
statistically significant (P=.03). For the nonanatomie 
group, the mean operative blood replacement was 533 mL, 
and the mean total blood replacement was 618 mL. For the 
anatomic group, mean operative blood replacement was 
1529 mL, and the mean total blood replacement was 
1544 mL. The difference in blood replacement between the 
two groups was statistically significant (P = .04). 

There was also a statistically significant difference in 
operating room (OR) time between the two groups, with a 
mean OR time for nonanatomic resections of 2.8 hours and 
for anatomic resections of 4.3 hours (P —.01). Postoperative 
hospital stays were significantly shorter for the nonana- 
tomic group, with a mean postoperative stay of 10.6 days 
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Table 1.—Results of Nonanatomic vs 
Anatomic Hepatic Resection for Secondary Tumors* 


Type of Hepatic Resection 


MÀ 
Variable Nonanatomic Anatomic P 


Estimated blood loss, mL 932 2800 «.03 
Total blood replacement, mL 618 1544 «.04 
Operating room time, h 2.8 4.3 <.01 


Postoperative stay, d 10.6 18.4 <.03 










*A!| values are the mean. 


Table 2.—Blood Loss and Postoperative Complications* 


No. (%) of Patients by 
Blood Loss, mL 


MM M ÁMe——— 


Patients 1000-4000 24000 
With complications 3 (27) 2 (67) 
Without complications 1 





*Intergroup comparisons: x? = 6.53, df — 2; P<.04. 


vs 18.4 days for the anatomic group (P «.03). These results 
are summarized in Table 1. 

In the nonanatomic group there were two complications. 
One patient had a 500-mL right subphrenic collection of 
lysed blood clot that was successfully drained percutane- 
ously on postoperative day 10. The second patient had 
bilateral pleural effusions and a body temperature of 
38.6°C, both thought to be secondary to a subphrenic 
hematoma. The latter complication required no treatment 
and resolved spontaneously. There were five complications 
in the anatomic group, including one wound infection with 
Escherichia coli, one pleural effusion, one pleural effusion 
and pulmonary embolus leading to respiratory arrest and 
death on postoperative day 37, one fever of unknown origin 
requiring a three-day readmission to the hospital four days 
after discharge, and one postoperative fever of unknown 
origin that prompted a Jackson-Pratt drain sinogram and 
abdominal computed tomographic scan; the results of both 
were normal. The difference in number of complications 
was not statistically significant (P =.20). However, when 
the nonanatomic and anatomic groups are taken as a whole, 
a clear relationship between blood loss and complications 
ean be seen (Table 2). For patients with an EBL less than 
1000 mL, the complication rate was 9%; for an EBL 
between 1000 mL and 4000 mL, the complication rate was 
27%; and for an EBL of greater than 4000 mL, the 
complication rate was 6796. The difference between these 
three groups was statistically significant (P<.04). The 
overall complication rate for both groups combined was 
19%. 

Figure 1 shows the survival rates for the nonanatomic 
and anatomic groups. The survival rates of the two groups 
were virtually identical, with an estimated five-year sur- 
vival rate for each group of 11%. The median survival was 
25 months for the nonanatomic group and 24 months for 
the anatomic group. These differences were not statistically 
significant (P =.85). Figure 2 shows the overall survival 
rate for both groups combined. The overall five-year 
survival rate was 11%. 


COMMENT 


These results support the use of nonanatomic resection 
for secondary hepatic tumors whenever technically feasi- 
ble. Blood loss, OR time, and hospital stay are all signifi- 
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Fig 1.—Survival rates in 18 patients after anatomic resection and * 


in 19 patients after nonanatomic resection of hepatic metastases 
(P-—.85) Solid line indicates anatomic group; broken line, non- 
anatomic group. 


cantly reduced with nonanatomic resection compared with 
anatomic resection. The 11% expected five-year survival 
rate in this series is poor compared with other reports*" 
but equal for both the anatomic and nonanatomic groups; 
median survival compares favorably with previous stud- 
ies.2471516 The positive relationship between blood loss and 
operative morbidity reported herein is consistent with 
previous reports.? 

Although the procedure is termed "nonanatomie," the 


surgeon must have a detailed knowledge of hepatic anatomy à 


to protect major vessels and ducts. The surgical anatomy 
of the liver has been most recently reviewed by Bismuth,” 
based on the work of Couinaud'* and Goldsmith and 
Woodburn.” For consideration of this technique, the re- 
sponsible surgeon should be sure that there are no other 
distant metastases, that there is no involvement of the 
inferior vena cava or the porta hepatis, and that the patient 
has adequate pulmonary, hepatic, and renal function, with 
no significant coagulation problems. 

The preoperative workup may include abdominal com- 
puted tomographic scanning, ultrasonography, and radio- 
nuclide imaging of the liver. Hepatic arteriography should 
also be performed to help determine the most appropriate 
operative incision.'4915:5 For lesions in segments 2 or 3, a 
midline incision is appropriate. A lesion in segment 4 may 
be approached with either a right subcostal or midline 
incision. If the lesion is located in segments 5, 6, 7, or 8, a 
midline or subcostal incision may be used to first determine 
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Fig 2.—Overall survival rates in 37 patients after resection of 
hepatic metastases. 


resectability, followed by extension into the right side of 
the chest for adequate exposure if necessary. 

The first part of any operation requires a thorough 
abdominal exploration to determine resectability and en- 
sure that there are no other metastases. This requires an 
adequate abdominal incision, lysis of limiting adhesion, and 
division of the round and falciform ligaments to allow 
complete bimanual examination of the liver. The precise 
location of the tumor relative to the porta hepatis, the 
inferior vena cava, and the diaphragm can then be deter- 
mined. The diaphragm may be resected if tumor is adher- 
ent. Multiple distinct nodules in both lobes of the liver that 
do not invade the porta hepatis or the inferior vena cava 
can be resected (up to four lesions were resected in our 
series). Diffuse disease confined to one lobe may still 
benefit from an anatomic resection. 

Ifthe tumor is deemed operable, the incisions should be 
extended as necessary until the blood supply to the area 
can be controlled. A tape should be passed around the 
porta hepatis for this purpose, with approximately 40 
minutes of occlusion possible at normothermia. The liver 
capsule can then be scored with electrocautery, with 
approximately 1 to 2 cm of margin around the lesion. The 
liver parenchyma is divided at anatomic right angles to the 
arteries, veins, and bile ducts using the finger fracture 
technique until the fingers of the surgeon meet the resis- 
tance of the ducts and vessels. These structures appear in 
the form of a white thread in the apex of the growing liver 
wound. While the operator dissects with one hand and 
retracts the tumor with the other, the first assistant clips 
the vessels and ducts well into the periphery of the liver 
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and divides them with Metzenbaum scissors. The second 
and third assistants operate two suction devices to keep 
the field clear and operable. Major vessels and bile ducts 
should be doubly clamped and suture-ligated with nonab- 
sorbable suture. Once past the possibility of tumor en- 
croachment and involvement of vital structures, such as 
the porta hepatis and the inferior vena cava, large clamps 
may be used on the liver and the specimen delivered from 
the field. If any residual liver is compromised, it should be 
resected. 

At this point in the operation, continued hemostasis is 
the major concern. The porta hepatis tape should be slowly 
released, and any remaining arterial, venous, or bile leaks 
should be ligated with figure-of-eight absorbable suture on 
a general closure needle. A pad of oxidized regenerated 
cellulose (Surgicel, Johnson & Johnson, New Brunswick, 
NJ) soaked in undiluted fluorouracil is placed directly on 
the raw surface of the liver. This is covered with an equal- 
size absorbable gelatin sponge (Gelfoam, Upjohn Co, 
Kalamazoo, Mich), and packed with lap tapes. 

The use of fluorouracil-soaked Surgicel was originally 
adopted as an added antitumor measure at the surgical 
margin and retained due to the excellent hemostasis that 
is obtained. Drains and, if needed, chest tubes are placed 
while the area is packed for several minutes. One 10-mm 
Jackson-Pratt closed suction drain should go over the dome 
of the liver under the diaphragm and another below the 
liver. The packing is then removed. Generally, there is no 
further bleeding, but if there is, bleeding vessels should be 
ligated and the area repacked until complete hemostasis is 
obtained. 

If the costal margin was transected it should be reap- 
proximated with a figure-of-eight sternal closure wire to 
prevent rubbing. The remainder of the chest and abdominal 
closures are routine. 

The use of the fluorouracil-soaked Surgicel helps elimi- 
nate leaving an undue amount of foreign or necrotic 
material in the wound from excessive electrocautery, heavy 
sutures, or topical hemostatic agents, while providing 
superior hemostasis. As demonstrated in this series, and 
elsewhere,'* excellent hemostasis is the key to lower 
morbidity in liver resection. 
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Discussion 


KENNETH P. RAMMiING, MD, Los Angeles: The sheer magnitude 
of hepatic metastases almost makes this a combined medical- 
surgical specialty. Sixty-nine thousand cases of hepatic metastases 
per year is an astounding number when compared with some of 
the other, better known malignancies. 

Several series from various universities emphasize that there 
are five-year survivals in each series and that the operative 
mortality is acceptable. 

Dr Brown and his coauthors have presented a series where there 
is no mortality and very minimal blood loss. It is time to abandon 
any timidity about embracing liver resection for the treatment of 
liver metastases. 

The fearsome mortality and blood loss that we observed in 
earlier series primarily came from resections for trauma patients 
and simply does not apply to modern day, elective hepatic resec- 
tions. 

While we can argue about natural selection processes and 
operating on a very narrow subset of patients, there is no question 
that surgical resection has an enormous input in favorably altering 
the course of patients with liver metastases. 

It is very useful to compare and exchange technical approaches 
to hepatectomy. Having participated personally in over 200 liver 
transplants and 50 liver resections in the last four years, I know I 
have modified my approach considerably from that of just five or 
six years ago. 

We have abandoned the midline incision entirely and use the 
bilateral subcostal incisions exclusively. In over 250 operations it 
has only been necessary to go into the chest four times, in which 
case we perform a median sternotomy, not a right-sided thoracot- 
omy. It is not necessary to do segmental resections. We use 
whatever is necessary, anatomic or nonanatomic approach, to 
safely remove the metastasis. 

This is essentially a vena cava operation, and, if possible, we 
like to ligate the appropriate hepatic vein. The only determinant, 
we believe, of nonoperability is if there is tumor involvement of 
the bile duct that would have to be left after resection. 

It is not necessary to ligate the portal triad vessels in every 
case. Hemostasis can be obtained solely from within the line of 
resection. 

We have rarely found it necessary to clamp the porta hepatis. 
We prefer to use the Storm-Longmire clamp for compression of 
the hepatic parenchyma during the resection. 

Rather than the finger fracture method, we have found the use 
of the cavitron (Cooper-Laser Sonics, Santa Clara, Calif) ultrasonic 


scalpel to be the ideal way of dividing the parenchyma. 


This device is somewhat cumbersome, but with practice the 
operative time associated with its initial use can be greatly 
reduced. It is not available in all institutions, but the use of this 
device has enabled us to do resections, often with no blood 
replacement. 

I applaud the ingenious use of the fluorouracil-soaked Surgicel. 
We have used two layers of gelatin sponge with microfibrillar 
collagen hemostat (Avitine) in the middle (the “Avitine sandwich") 
applied to the cut end of the liver. We have had no foreign-body or 
infectious problems secondary to leaving this in. 

I note that some of the authors patients had multiple, up to 
four, lesions. As enthusiastic as I am for hepatic resection for 
metastatic disease, I do not think it is appropriate in patients who 
have more than two lesions. 

Tuomas R. RussELL, MD, San Francisco: If we are going to 
become more aggressive surgically with metastatic hepatic lesions, 
should we be prepared to do limited hepatic resections at the 
primary operation? How do you advise screening for metastatic 
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disease in patients with known colorectal malignancy? 

Davip A. Simonow1Tz, MD, Bellevue, Wash: I have had good 
results with arc welding the cut surface of the liver by putting the 
bovie on a high setting and not letting the tip touch the liver. If 
you let the spark arc weld across, it does not pull off the charcoal 
when you perform the procedure. I have had no infectious compli- 
cations with the charcoal. It seems to work quite well. 

Dr FLETCHER: We developed this technique mainly through our 
experience with ruptured hepatic adenomas and in trauma. The 
indications for resection in those circumstances are either uncon- 
trollable bleeding or devitalized tissue, and sometimes you are 
left with a massive divot in the liver that has no relationship to 
the anatomy of the liver, and you almost invariably get away with 
it if you can control the bleeding. 

With that experience, we began to apply similar techniques to 
acceptable lesions in the liver. In fact, the technique has become 
affectionately known among the house staff as a "shark bite." 

Dr Ramming, I think the incision used is that which is necessary 
to get the job done. The incision is now usually entirely in the 
abdomen, whereas we used to use a thoracoabdominal incision 
more frequently. If you divide the ligaments of the liver and make 
a generous subcostal incision, you frequently do not have to enter 
the chest. 

I have not personally used a median sternotomy except in 
emergent trauma situations, but I think it probably does give 
better, quicker, and less painful control of the liver than any other 
combination of incisions, with the possible exception of surgery 
for a very large lesion in the dome of the right lobe of the liver. 

The vena cava is critical in this. We do not try to do these if the 
vena cava is extensively involved, and it is not unlike the trauma 
situation; involvement of the vena cava is the one lesion that kills 
the patients. 

Involvement of the bifurcation of the bile ducts is, of course, a 
contraindication. 

We do not have a Storm-Longmire clamp, but now that I see 
how well it works, we will certainly get one. 

The question of multiple lesions is very controversial. A number 
of studies in the literature report survival from multiple vs solitary 
lesions as essentially the same; the same is true of synchronous 
vs metachronous metastases. There is no difference in the survival. 

Dr Russell, there is no question that the patient should be 
evaluated to determine whether there are metastases. We believe 
that the best diagnostic technique for hepatic metastasis is 
palpation and have not routinely scanned livers in patients who 
are going to have a colon resection anyway. 

Regarding the arc welding of the surface of the liver, there is no 
question that charcoal does not bleed, but it is a fairly time- 
consuming technique, and it does leave quite a bit of foreign body 
behind. We have had such good luck with the technique that we 
have shown that we tend to use that in the parenchyma of the 
liver. However, the control of the small vessels just under the 
capsule is difficult by any technique, and we score the capsule of 
the liver deeply with cautery before we start out. I am sure that 
that makes a lot of difference in our blood loss. When we get to 
the posterior capsule and we know that we are away from the vena 
cava and around the tumor, we sometimes just use big clamps and 
ties. 

We use the cavitron especially for coring around the porta 
hepatis if we need to get up there to do an anastomosis. It is an 
admirable tool for that, but trying to go through a large segment 
of the right lobe of the liver is quite time-consuming and usually 
does not fit into our attention span. 
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e One hundred cases of pancreatic abscess were identified 
at five hospitals affiliated with UCLA between 1973 and 1985. 
Patients were included if a pancreatic mass or phlegmon 
followed an episode of pancreatitis, if the clinical impression 
was pancreatic abscess, and if drainage cultures were posi- 
tive. Less than three Ranson's signs were present on admis- 
sion in 7296 of patients. The admission temperature was less 
than 38.3°C in 71% of patients, and 27% of patients never had 
a fever. Abdominal tenderness was absent in 40% of patients. 
The admission amylase concentrations and white blood cell 
counts were normal in 36% and 23% of patients, respectively. 
Extensive débridement, external drainage, and a low threshold 
for reoperation were the mainstays of surgical therapy. Twenty 
patients (20%) died, but Ranson's signs did not predict out- 
come. Pancreatic abscess may have an insidious presenta- 
tion. A high index of suspicion, early computed tomographic 
scanning, and diagnostic needle aspiration may be necessary 
to establish this diagnosis. 

(Arch Surg 1988;123:1067-1072) 


M“ descriptions’ of patients with pancreatic abscess 
suggest that the clinical presentation is dramatic 
and includes fever, abdominal tenderness, hyperamylase- 
mia, and leukocytosis. Moreover, Ranson and Pasternack®® 
have suggested that an increased number of the prognostic 
signs they identified are correlated with subsequent intra- 
abdominal and retroperitoneal infection. We have been 
impressed, however, that patients with pancreatic abscess 
may present with minimal clinical findings, hindering early 
diagnosis. We therefore reviewed our experience and found 
that pancreatic abscess often presents in an indolent 
fashion. Thus, a high index of suspicion for pancreatic 
abscess is frequently necessary to achieve an early diag- 
nosis. Serial computed tomographic (CT) scans and diag- 
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nostic aspirations of peripancreatic fluid collections should 
speed the diagnosis and, it is hoped, contribute to an 
improved outcome. 


METHODS 


Patient records from 1973 through 1985 were reviewed at five 
hospitals affiliated with UCLA (UCLA Medical Center, Harbor- 
UCLA Medical Center, Olive View Medical Center, Sepulveda 
Veterans Administration Medical Center, and Wadsworth Veterans 
Administration Medical Center). Cases with a discharge diagnosis 
of pancreatic abscess, pancreatic phlegmon, pancreatitis, pancre- 
atic pseudocyst, or pancreatic mass were reviewed in detail. Cases 
of pancreatic abscess were included in this report if they met the 
following criteria: (1) a pancreatic mass or phlegmon that followed 
an episode of acute pancreatitis, (2) a clinical impression of 
pancreatic abscess, and (3) positive operative or drainage cultures. 
Intra-abdominal abscesses complicating pancreatic trauma, 
chronic pseudocysts, and elective pancreatic surgery were not 
included. Data from the selected cases were then abstracted on 
forms addressing 140 different demographic and clinical items. 
These data were then analyzed with computer assistance. 

Several items (eg, age, admission temperature, and white blood 
cell count) were abstracted by range rather than absolute numbers, 
precluding the calculation of true mean values. As a result, in 
some instances the median rather than mean value is reported. If 
desired, weighted averages were calculated to provide an approx- 
imation of the mean. Ranson's criteria*? were assessed retrospec- 
tively as permitted by the available data. Statistical comparisons 
were performed using the x? test. 


RESULTS 


One hundred cases of pancreatic abscess were accumu- 
lated from the five different hospitals (UCLA Medical 
Center, 41 cases; Harbor-UCLA Medical Center, 31 cases; 
Olive View Medical Center, 12 cases; Sepulveda Veterans 
Administration Medical Center, 11 cases; and Wadsworth 
Veterans Administration Medical Center, five cases). The 
series included 72 men and 28 women. The median age was 
45 years. Only one patient was less than 20 years old, 
whereas 12 were more than 60 years old. 

All cases of pancreatic abscess followed episodes of 
pancreatitis: 56 cases occurred after the initial episode 
of pancreatitis, 12 after the second known attack of pan- 
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Symptom or 
Physical Finding 










Symptoms 
Abdominal pain 

Nausea/vomiting 

Fever 

Weight loss 

Anorexia 
Chills 
Diarrhea 
Dyspnea 












Abdominal tenderness 
Temperature >38.3°C 
Abdominal mass 
Hypoactive bowel sounds 
Gastrointestinal bleeding 
Jaundice 

Abdominal distention 









Physical Findings 











Table 1.—Symptoms and Physical Findings at Admission 


No. (%) of 
Patients 





86 (86) 
53 (53) 
48 (48) 
21 (21) 
20 (20) 
16 (16) 
11 (11) 
10 (10) 


60 (60) 
23 (23) 
26 (26) 
17 (17) 
17 (17) 
8 (8) 
6 (6) 









Table 2.— Temperature and Laboratory Findings 


No. (%) of Patients 


Value at Highest 
Admission Value 


Temperature, *C 
3 


38.3-38.9 
238.9 
Not specified 


White blood cell count 
<10 x 109/L 


10 x 10*/L-16 x 10*/L 
16 x 10°/L-20 x 10*/L 
>20 x 10*/L 

Not specified 


Serum amylase concentration 
Normal 


1-2 times normal 
2-3 times normal 
3-5 times normal 
75 times normal 
Not specified 


71 (71) 
15 (15) 
8 (8) 
6 (6) 


23 (23) 
44 (44) 
15 (15) 
15 (15) 
3 (3) 


36 (36) 
14 (14) 
11 (11) 
7 (7) 
30 (30) 
2 (2) 


27 (27) 
19 (19) 
51 (51) 
3 (3) 


3 (3) 
26 (26) 
17 (17) 
52 (52) 
2 (2) 


20 (20) 
15 (15) 
9 (9) 
9 (9) 
44 (44) 
3 (3) 








creatitis, and four after the third attack. Sixteen pa- 
tients had had more than three previous episodes of 
panereatitis, and for 12 patients the number of previous 
attacks was not specified. Alcohol abuse was the cause in 
57 patients, and biliary tract disease was the cause in 32 
patients. Hyperlipidemia was the cause in seven patients, 
whereas one ease each occurred as a result of trauma, 
recent nonbiliary surgery, hyperparathyroidism, or drug 
ingestion. 

Symptoms and positive physical findings noted on ad- 
mission are listed in Table 1. Although abdominal pain was 
the most common admission complaint (8696), abdominal 
tenderness or a mass were noted in only 60% and 26% of 
patients, respectively. Similarly, only 48% of the patients 
reported a history of fever, and only 23% (not specified in 
six patients) had a temperature greater than 38.3°C on 
admission. Symptoms had been noted for an average of 
approximately 11 days before admission. In 58% of patients 
the symptoms had been present for less than seven days. 
In 20% of patients, however, symptoms had been present 
for more than three weeks before diagnosis. On admission, 
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Table 3.—Patients With Major Complications 


No. (%) of No.(%)of Total No. 
Patients Who Patients (%) of 


Complication Survived Who Died Patients 


General 
Pulmonary insufficiency 


Renal insufficiency 


15 (75)* 
12 (60)* 


22 (28) 37 (37) 


Hemorrhage 11 (11) 


Septic 
Urinary tract infection 


Intra-abdominal abscess 


11 (55) 
8 (40)f 
11 (55)* 
2 (10) 


23 (23) 
18 (18) 
17 (17) 
15 (15) 


12 (15) 
10 (13) 
Pneumonitis 6 (8) 
Wound infection 13 (16) 


Fistulas 
Enteric 13 (16) 0 13 (13) 


Pancreatic 6 (8) 1 (5) 7 (7) 


*P<.0005 compared with patients who survived. 
tP<.005 compared with patients who survived. 


Table 4.—Reoperations* 


No. of Reoperations, 
No. (96) of Patients 


Procedure 1 2 3 
Abscess drainage 35 (35) 13 (13) 3 (3) 


Colostomy 4 (4) 2 (2) 2 (2) 


Exploratory laparotomy 3 (3) 0 0 
Cholecystectomy 2 (2) 1 (1) 2 (2) 
Common duct exploration 2 (2) 1 (1) 1 (1) 


Cervical exploration 0 1 (1) 1 (1) 


*Forty-three percent of the patients required at least one reoperation. 
More than one procedure was performed at many reoperations. 


no significant fever was present in 7196 of patients, and 
27% never had a temperature over 38.3°C (Table 2). 
Analysis of laboratory data revealed that 23946 of patients 
had normal white blood cell counts on admission, although 
leukocytosis developed in most patients at some time in 
the preoperative period (Table 2). Thirty-six percent of 
patients had a normal serum amylase concentration on 
admission, and in half the patients the amylase concentra- 
tion was less than two times the normal level (Table 2). 
Furthermore, hyperamylasemia never developed in 2096 of 
the patients (Table 2). 

Diagnostic tests used to visualize the pancreas included 
ultrasound and CT scans. Gallium- and indium-labeled 
white blood cell scans were not used in these patients. 
Ultrasound studies were obtained within 48 hours after 
admission in 42 patients and later than 48 hours following 
admission in an additional 40 patients. Computed tomogra- 
phic scans were obtained in 52 patients, 14 within 48 hours 
after admission and 38 later than 48 hours after admission. 
Gallstones were the only abnormality observed on 10% of 
the ultrasounds and 446 of the CT scans. Pancreatic abnor- 
malities were noted on 73% of the sonograms and 96% of 
the CT scans. In recent years, ultrasound- or CT-guided 
aspirations were performed in 11 patients; ten aspiration 
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No. of Patients 





No. of Ransons Signs 
Fig 1.—Distribution of Ransons signs among patients with pancre- 
^ atic abscess who survived (open portions of bars) or died (hatched 
portions of bars) (N= 100). 


specimens provided positive Gram's stains and/or cultures. 

Operative exploration was undertaken in all patients 
. except one. This patient did well after percutaneous drain- 
age and required no further therapy. Extensive débride- 
ment and external tube drainage were the mainstays of 
therapy. None of the patients was treated with an “open” 
technique as advocated by Stone et al," Bradley," and 
Pemberton et al. Intraoperative Gram's stains were per- 
formed in 54 patients, and 32 (59%) were positive. Subse- 
quent cultures, however, were positive in all patients. 
Aerobic gram-negative organisms grew in cultures from 
56 patients, aerobic gram-positive bacteria in cultures from 
50 patients, anaerobic organisms in cultures from 12 pa- 
tients, and yeast in cultures from eight patients. 

Major complications occurred in 74% of the patients, and 
2096. of the patients died. The cause of the pancreatitis 
(aleohol in 21% of cases vs biliary tract disease in 19% of 
cases) did not influence mortality rates. Complications and 
patient outcomes are correlated in Table 3. Pulmonary and 
renal insufficiency, most septic complications, and hemor- 
rhage were all significantly more frequent in patients who 
died. 

At least one reoperation was required in 43% of patients; 
second and third operative interventions were required in 
16% and 6% of patients, respectively. Additional operative 
. intervention was required in 14 (70%) of the 20 patients 
who died and in 29 (3696) of the 80 survivors. This difference 
was statistically significant (P<.01). Persistent abscesses 
were the most common indication for reoperation (35%) 
(Table 4). The total hospital stay exceeded one month in 
most patients. 


Total Hospital Stay, d No. of Patients 
3 


<14 

14-21 12 
22-30 9 
31-60 36 
>60 40 


Using available data, Ranson’s criteria?? were used to 
calculate prognostic scores. Less than three of Ranson’s 
signs were present in 72% of patients. None, one, or two 
of Ranson’s signs were noted in 13 (65%) of the 20 patients 
who died and in 59 (74%) of the 80 survivors. This difference 
was not statistically significant. The distribution of Ran- 
son’s signs among the 100 patients in this series is presented 
in Fig 1. 

In 97 patients data were available as to the interval 
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% of Patients 





Time Between Admission and Diagnosis, d 


Fig 2.—Relationship of time between admission and diagnosis 
and patient death (hatched bars) or survival (open bars). 


between admission and the diagnosis of pancreatic infection 
(Fig 2). Review of this information suggested a trend 
toward increasing mortality as the diagnosis was delayed 
up to three weeks. This trend was reversed, however, for 
the subgroup of patients who had a diagnosis more than 21 
days after admission. Thus, there was no clear correlation 
between mortality and the time to diagnosis after 
hospitalization. 


COMMENT 


The importance of early diagnosis and aggressive treat- 
ment of pancreatic abscess is well known.'*"* Unfortu- 
nately, early diagnosis may be hampered by the lack of 
“classic” clinical symptoms and findings. Since the fre- 
quency of indolent presentation has not been stressed in 
the literature, we reviewed 100 cases of pancreatic abscess 
from hospitals affiliated with UCLA from 1978 through 
1985. This analysis revealed that 72% of patients presented 
with less than three Ranson’s signs and 71% presented 
with a temperature less than 38.3°C. Moreover, 40% pre- 
sented without abdominal tenderness, 36% had normal 
serum amylase concentrations, and 23% had normal white 
blood cell counts on admission. Given the retrospective 
nature of our analysis, however, we cannot precisely distin- 
guish between presenting indexes associated with pancre- 
atitis and those attributable to septic sequelae. 

Although the definition of pancreatic abscess is some- 
what arbitrary,'* we selected those cases in which peripan- 
creatic masses followed an attack of acute pancreatitis, the 
clinical impression was pancreatic abscess, and operative 
or drainage cultures were positive. Using these criteria, 
we selected 100 cases. Men outnumbered women by ap- 
proximately 4:1, and most cases followed alcoholic pancre- 
atitis. These findings agree with those of most other 
reports of pancreatic abscess,^9719:5 although our survey 
was dominated by four publie service hospitals where 
alcoholism is common. 

The most frequent presenting symptom in our series 
was abdominal pain (86%), as in most other se- 
ries. }3.5-7,18,14,16.17 The literature also suggests that 
feyer!7.13.141617 and abdominal tenderness!**731617 are the 
two most common physical findings. Surprisingly, we noted 
that 71% of our patients had a temperature less than 38.3°C 
on admission and that 27 patients never had a fever. 
Abdominal tenderness was noted in only 60% of patients. 
Abdominal mass is reported to occur less frequently than 
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abdominal tenderness,!*57%7 as in our series. Our 29% 
incidence of abdominal mass, however, is strikingly lower 
than that reported in several other publications. !13"6 

Leukocytosis is frequently cited as a common finding in 
pancreatic abscess.*7:5:6:7 Twenty-three percent of our 
patients had normal white blood cell counts at admission. 
The serum amylase concentration at admission was normal 
in 36% of our patients and remained normal in 20 patients. 
These findings confirm the observations of several previous 
studies,?*9:4 although others have reported hyperamy- 
lasemia to be a frequent finding with pancreatic ab- 
Scess. 25,13 Thus, our data suggest that pancreatic abscess 
may indeed have an indolent presentation. 

Warshaw and Jin™ discussed insidious presentation of 
pancreatic abscess. Fever and epigastric pain were absent 
in 13% and 20% of their patients, respectively. Camer 
et al? reported that many of their 113 patients were afebrile 
at the time of drainage. These findings as well as our data 
emphasize the need to maintain a high index of suspicion 
for septic complications of pancreatitis. 

Ranson,? Blamey and colleagues, and Corfield et al? 
indicated that the severity of pancreatitis as assessed by 
multifactorial prognostic scoring correlates with the extent 
of necrosis, septic complications, and ultimate mortality. 
Moreover, the extent of necrosis is said to correlate with 
the incidence of positive bacterial contamination of the 
necrotic debris." Beger and colleagues,” however, noted 
that prognostic scores do not permit differentiation of 
edematous from necrotizing pancreatitis. Although we have 
no data as to the extent of necrosis, all of our patients had 
septic complications of pancreatitis. Our retrospective 
analysis of Ranson’s criteria, however, reveals that only 
28% of our patients had prognostic scores indicative of 
severe pancreatitis. Moreover, there was no difference in 
the frequency of “severe” scores between survivors (26%) 
and nonsurvivors (3596). These factors further emphasize 
the need for constant concern and vigilance for pancreatic 
sepsis. 

Bittner et al? suggested that pancreatic abscess should 
be used to designate cases of localized peripancreatic pus 
with a relatively distinct capsule that develops after the 
fifth week of pancreatitis. Infected necrosis, in contrast, 
should be used to specify diffuse bacterial infections of 
necrotic pancreatic and peripancreatic tissue that develop 
during an earlier phase of acute pancreatitis. The signifi- 
cance of these definitions relative to our data is difficult to 
assess. Bittner et al, however, selected their cases by 
clinical urgency (fever, pain, sepsis), ie, an agreed-on need 
for surgical exploration. Selection of this nature predicta- 


bly yields patients with infected necrotic tissue (early after 
acute pancreatitis) or patients with advanced abscesses 
(more than five weeks after acute pancreatitis). In contrast, 
our patients were retrospectively identified; the diagnoses 
were established in most cases between four and 28 days 
after admission. The more indolent course in a subset of 
these patients, as demonstrated by our data, undoubtedly 
reflects their nonsurgical presentation. 

Evidence of the severe degree of pancreatitis in our 
series includes our mortality rate of 2096, our complication 
rate of 74%, our reoperation rate of 43%, and the total 
hospital stay. Despite severe pancreatitis as well as a 
pancreatic abscess in all patients, the 20% mortality rate 
in this series is an improvement over the 30% to 50% 
mortality rates generally reported in the 1960s and 1970s. 
Mortality rates now range from 11%" to 40965 and average 
about 25%. The high complication rate in this series, 74%, 
is similar to those reported by others.5';s However, the 
enteric fistula rate (1396) and the incidence of pancreatic 
fistula (7%) are both lower than generally reported.5.1::* 

At first glance, the reoperation rate (4396) may seem 
high. This rate reflects an aggressive policy of reexplora- 
tion and débridement if the patient remained septic after 
the initial drainage. We believe that this policy is respon- 
sible, at least in part, for the relatively good results 
reported in this series. 

We still believe one should assess prognostic scores while 
seeking septic complications of pancreatitis. Even if these 
scores do not correlate with necrosis or septic complica- 
tions, they do identify patients at risk of early 
mortality5?92? and in need of more intensive supportive 
therapy. One should also measure the levels of C-reactive 
protein, o,-protease inhibitor, a,-macroglobulin, and C, and 
C, complement, since these appear to be particularly 
sensitive indicators of necrosis.” 

Our patients were treated between 1973 and 1985, when 
CT scanning was just being instituted. Thus, we can say 
little about the role of serial CT scans, especially those 
supplemented with contrast infusion. We believe that 
serial CT scans should be obtained to seek intrapancreatic 
gas, fluid collections, or evidence of necrosis. Recent 
data?*? suggest that grading of CT scans may be more 
accurate than clinical criteria in predicting the outcomes 
of patients with pancreatitis. The present analysis supports 
these studies and suggests that one must maintain a high 
index of suspicion for pancreatic sepsis. We believe that 
percutaneous aspiration, with its safety and reliability,**?* 
should be frequently utilized in searching for septic com- 
plications of acute pancreatitis. 
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Discussion 


CARLOS A. PELLEGRINI, MD, San Francisco: Because of the 
infrequency of this life-threatening complication of pancreatitis, 
the authors included patients from five hospitals treated over a 
rather long period. While this effort is commendable, the method 
has its drawbacks and calls for caution when interpreting the 
results. I find three messages in this article: (1) Pancreatic sepsis 
presents indolently in many patients. (2) One should use CT scans 
and fine-needle aspiration liberally in patients with pancreatitis. 
(3) Early diagnosis and treatment of pancreatic sepsis may improve 
the outcome. 

Pancreatic sepsis may present in varying ways. It is unclear, 
however, how many patients in this series failed to show the clinical 
manifestations of pancreatic sepsis. The authors refer to the 
manifestations *on admission." I wonder if these were the mani- 
festations of pancreatitis rather than the abscess. I view the 
development of a pancreatic abscess as a complication of acute 
pancreatitis and, thus, to the extent possible, I think it is 
important to describe the clinical manifestations separately. How 
many patients failed to show the classic signs of sepsis, and what 
were the clinical manifestations that led to the suspicion of 
pancreatic abscess in those patients? 

I share the view that CT scanning plays a role in the treatment 
of patients with pancreatitis. I also agree that fine-needle aspira- 
tion of peripancreatic collections is useful and can be accomplished 
with minimal morbidity. Without question, CT scans have brought 
a new dimension to our understanding of pancreatitis. However, I 
would like to make sure that we do not overreact to it. My concern 
is twofold: (1) It is now well known that abnormalities on CT scans 
will develop in over three fourths of patients with pancreatitis. (2) 
These abnormalities lag behind the clinical resolution, and, thus, 
sometimes persist for months in patients who have fully recovered. 
Therefore, while I agree that we should have a low threshold for 
CT scanning in patients who are not recovering as predicted, I 
would not use CT scans for those whose clinical course is 
unremarkable. 

I am puzzled by the correlation you drew between the "delay" 
in diagnosis and outcome. What did you consider the starting 
point for this delay? Was it at admission, and, if so, didn't the 
majority of these patients come in with pancreatitis, not an 
abscess, and the infection developed subsequently? Beger and 
colleagues clearly showed that the incidence of peripancreatic 
infection is very low during the first week of pancreatitis and 
peaks by the end of the second week. I am not sure you should 
call it delay but, rather, the time between the onset of pancreatitis 
and the diagnosis of pancreatic infection. I believe that reacting 
earlier, ie, during the initial week, is not going to improve the 
outcome. 

CHARLES F. Frey, MD, Sacramento, Calif: At the University 
of California, Davis, Medical Center, about 40% of our patients 
have an indolent presentation similar to that described by the 
authors. 

Checking for Ranson's signs has limited usefulness. At the initial 
presentation, many of Ranson's signs are not available. In fact, 
most of Ranson's signs are not available for 48 hours after 
admission, and they are designed to identify severe pancreatitis, 
not pancreatic infection. Another deficiency of Ransons signs of 
severity is that they are not useful in establishing operative 
indications. 

The objective on admission should be to identify patients at risk 
of infection. This is best determined by whether the patient has 
pancreatic necrosis. The CT scan with vascular enhancement is 
very helpful in this regard. About half the patients with pancreatic 
necrosis are at risk of infection. 
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We agree that aspiration, Gram's stain, and culture of areas 
with necrosis are very important in identifying patients whose 
necrotie tissue has become infected. It is important to make the 
distinetion between infected necrosis vs walled-off collections of 
purulent fluid (abscesses) not only because one may occur earlier 
than the other but also because their management is different. 
Patients with loculated, walled-off collections of purulent fluid can 
be treated by operative or percutaneous drainage. Patients with 
infected necrotic tissue require operative intervention and exci- 
sion. Open drainage has many advantages in some patients with 
extensive areas of infected necrotic tissue. 

In one individual with marked abdominal distention and exten- 
sive areas of infected necrotic tissue, we removed 2000 g of necrotic 
pancreatic and peripancreatic material at the first operation. The 
incision was packed open to allow access to the pancreas. We put 
petroleum and Kerlex gauze over the triple lumen sump drains 
and continuously irrigated through as many as five or six or even 
nine drains. The patient was taken back to the operating room 
every three or four days to débride the wound and change the 
drainage. You can have access to the pancreatic bed without having 
to worry about separating the friable large and small bowel. This 
technique avoids the problem of adhesions and creating bowel 
fistulas. 

The authors need not apologize for a reoperation rate of 43%. 
Reoperation is essential for the survival of many patients. In fact, 
whether by open or closed technique, reoperation may not have 
been done enough in this group of 100 patients. How many of the 
20 patients were found at autopsy or death to have remaining foci 
of infection? If some patients had residual foci of infection, you 
might have been able to reduce your very favorable mortality rate 
of 20% even further. 

Don R. MILLER, MD, Irvine, Calif: I have had experience with 
seven patients who had severe necrotizing pancreatitis with 
abscess. Six of these patients were alcoholics, and one also had 
gallstones. Each had severe classic signs and symptoms of sepsis 
and was operated on. Two patients early in the series died. One 
was an elderly man with persistent sepsis following a drainage 
operation, and another débridement procedure was needed. The 
other death occurred three weeks after extensive débridement in 
a patient with adult respiratory distress syndrome and renal 
failure. 

The five patients who survived each required extensive débride- 
ment and drainage. Computed tomographic scanning was very 
helpful in the diagnosis and the timing of reoperation. The 
postoperative courses of these patients were often very protracted. 
Total parenteral nutrition was essential in their recovery, and 
reoperation and débridement based on recurrent signs of sepsis 
was frequent. 

These recently improved results support the recommendations 
of the authors for wide débridement, drainage of the entire 
pancreas, and the use of total parenteral nutrition and antibiotics. 

Tuomas V. BERNE, MD, Los Angeles: My colleagues and I have 
published two articles from the Los Angeles County-USC Medical 
Center on the subject of pancreatic abscess. There is considerable 
variation in the presenting clinical findings of pancreatic abscess. 
In our first series (1966 through 1975), the incidence of fever, 
which we defined as a temperature greater than 38.9°C at any 
time, was 92%. Abdominal tenderness was present in 98% of 
patients, and an abdominal mass was felt in 8596 of patients. These 
were almost universal findings. In our recent study (1982 through 
1987), abdominal tenderness was present in 62% of patients. Fever 
was present in only 46% of patients, and an abdominal mass was 
only present in 17% of patients. These data corroborate the 
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authors’ observation that the classic findings seem to be increas- 
ingly absent. Much of this change is due to earlier diagnosis. One 
of the major differences in our two studies was the almost routine 
use of CT scanning in the second study period. If any patient is 
not clearly recovering from an episode of acute pancreatitis or if a 
patient’s condition deteriorates after a period of improvement, one 
should suspect that a pancreatic abscess is present. The appropri- 
ate response is to do an abdominal CT scan. If fluid is present, 
aspiration should be performed. If bacteria are present, urgent 
surgical drainage is necessary. 

Dr Pitt: Dr Pellegrini mentioned the time between the initial 
presentation and the formation of a pancreatic abscess. Some of 
our patients who were afebrile on presentation subsequently had 
a fever; however, 27% of our patients with documented pancreatic 
abscesses were never febrile before a diagnosis was established. 
Not all patients with a pancreatic abscess appear acutely ill or are 
in septic shock. In some, the presentation is very subtle, with 
malaise, anorexia, persistent hyperamylasemia, or leukocytosis. 
Thus, you have to be very suspicious of pancreatic abscess. 

The CT scan can look very bad when the patient is doing quite 
well, and an uninfected peripancreatic necrosis can resolve without 
an abscess developing. 

We found a biomodal distribution in regard to the correlation 
between delay in diagnosis and outcome. For the first three weeks 
after admission, there was a correlation (ie, the longer time to 
diagnosis resulted in a poorer outcome). However, patients who 
had a diagnosis more than three weeks after presentation actually 
did a little better than the group as a whole. Perhaps these 
patients had uninfected necrotic tissue that became infected later 
in their illness. 

The recovery of bacteria from a guided needle aspirate is 
sufficient for us to recommend exploration. In a patient with 
infected necrotie retroperitoneal tissue, percutaneous drainage is 
not adequate therapy; we recommend surgical débridement. 

The issue of definitions has been raised. These patients are not 
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those with well-defined pseudocysts that become infected; pan- 
creatic abscess means peripancreatic necrotic tissue that becomes 
infected. 

Both the open technique and the method used in this series of 
wide débridement and closed drainage are acceptable. When the 
latter method is employed, a low threshold for reexploration and 
further débridement is necessary to achieve good results. 

Dr Frey suggested that the 20% mortality rate in our series 
could be improved. Our results are better than the 30% to 50% 
mortality rates reported in the 1960s and 1970s. The combined 
mortality rate of all of the series that have been reported in the 
1980s is 23%. Thus, our 20% mortality rate is a little better than 
average but not as low as the 11% rate recently reported by 
Bradley; we hope to improve it. Seventy percent of our patients 
who died underwent reexploration for ongoing sepsis. Some of 
these patients eventually died of multiple organ failure without 
any obvious source of ongoing sepsis. In these patients further 
surgery would not have helped. A small percentage of deaths were 
in patients who also had underlying immunosuppressive problems 
that inhibited recovery. Eight patients had secondary fungal 
infection, and more aggressive antifungal therapy might have 
improved the survival rate. 

Dr Berne has corroborated our thesis that the presentation in 
these patients is often indolent. We agree with Dr Miller that total 
parenteral nutrition is essential in treating these patients. If a 
patient admitted with pancreatitis is not well after five to seven 
days, we perform a CT scan. If the scan suggests severe pancrea- 
titis, the patient is kept fasting, and total parenteral nutrition is 
started. If subtle symptoms or signs persist and follow-up scans 
demonstrate peripancreatic fluid collection, guided aspiration is 
performed. If bacteria are found, the patient undergoes explora- 
tion. We believe that the combination of early CT scanning, guided 
aspiration, nutritional support, and a low threshold for reexplo- 
ration will continue to improve the outcome for patients with 
pancreatic abscess. 


In Other AMA Journals 
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Malignant Melanoma: Treatment With High-Dose Combination Alkylating Agent 
Chemotherapy and Autologous Bone Marrow Support 

Thomas C. Shea, MD; Karen H. Antman, MD; J. Paul Eder, MD; Anthony Elias, MD; 

William P. Peters, MD, PhD; Susan Schryber, RN; William D. Henner, MD, PhD; 

David A. Schoenfeld, PhD; Lowell E. Schnipper, MD; Emil Frei III, MD 


Nineteen patients with metastatic malignant melanoma were treated with 20 courses of high-dose 
combination alkylating agent chemotherapy and autologous bone marrow support. All 20 treatment courses 


were evaluable for toxic reactions and 17 of 20 were assessable for response. Twelve of the 20 courses were 
given at the phase 2 dose per square meter of cyclophosphamide (5.625 g), cisplatin (165 mg), and carmustine 
(600 mg). Marrow reconstitution occurred with a median time to recovery of 21 and 24 days for more than 
500 neutrophils and more than 20000 platelets, respectively. The overall response rate was 6546, with one 
patient achieving a complete response with chemotherapy alone. Ten additional patients achieved partial 
responses following chemotherapy, of which three were subsequently rendered disease free by surgical 
resection of single areas of residual tumor. Two of these patients are alive and disease free more than 22 
months following chemotherapy and one remains relapse free. The median survival for responding patients 
was 15.2 months and 8.6 months for the entire group (Arch Dermatol 1988;124:878-884). 


Reprints not available. 
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Clinical Implications of Procoagulant and 


_Leukoattractant Formation During 


Intraoperative Blood Salvage 


Maureen H. Bull, MD; Brian S. Bull, MD; Glen S. Van Arsdell, MD; Louis L. Smith, MD 


e Experiments using 21 dogs and red cell salvage equip- 
ment (Haemonetics Cell Saver, Haemonetics Corp, Braintree, 
Mass) were employed to study the formation and potency of 
procoagulant and leukoattractant material during experimen- 
tal autologous blood salvage. Washed red cell suspensions 
were found to include toxic degradation products that had 
been released from a deposit of platelets and white cells 
adherent to the centrifuge bow! wall. When reinfused, these 
toxic products resulted in a “salvaged blood syndrome" of 
intravascular clotting and pulmonary damage. The pulmonary 
arterioles showed leukocyte margination and tangled fibrin 
skeins with occlusive thrombi. Intra-alveolar and perivascular 
hemorrhages, along with extensive pulmonary edema, were 
also observed. The formation of procoagulant and leukoat- 
tractant material could be markedly decreased when the red 
cell salvage technique incorporated the following precautions: 
(1) minimal dilution with saline (normal plasma protein levels), 
(2) a low calcium level, and (3) minimal platelet activation 
(avoidance of the aspiration of clotted blood just before 
processing). 

(Arch Surg 1988;123:1073-1078) 


2 apa infusion of washed, salvaged red cells is 
currently a common intraoperative procedure. Recip- 
ients generally appear to benefit from the procedure, and 
its value has been widely praised.’ However, there is an 
occasional patient in whom survival is threatened by a 
postoperative coagulopathy and pulmonary complications. 
A dog model of intraoperative red cell salvage was used to 
explore possible causes for such cases of unexpected 
morbidity. 


MATERIALS AND METHODS 


Twenty-one mongrel dogs that weighed 15 to 29 kg were used in 
a manner that complied with the Gwide for the Care and Use of 
Laboratory Animals (National Institutes of Health publication 
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86-23, revised 1985). The blood salvage equipment (Haemonetics 
Cell Saver, Haemonetics Corp, Braintree, Mass) was used with a 
225-mL centrifuge bowl. The same *Latham"-style bowl is used 
by the Electromedics Dideco Autotransfusion System (Dideco, 
Mirandola, Italy) and BRAT (Baylor Rapid Autologous Transfu- 
sion System, Cardio Vascular Systems Ine, Woodlands, Tex). All 
of these popular cell-washing systems appear to work on the same 
principle as the Haemonetics machines, ie, a spinning polycarbon- 
ate bowl that uses centrifugal force to hold cells on the wall during 
the washing process. The improved models reduce the processing 
time but if a bowl of the same shape is used they do not materially 
change the hydraulics of the centrifugation/washing step. It was 
this step which was of primary interest in this study. 

Each dog was anesthetized with pentobarbital sodium 
(20 mg/kg) and intubated with a cuffed endotracheal tube; spon- 
taneous respiration was assisted by using a ventilator. The left 
femoral artery was cannulated and connected to a continuous 
arterial pressure monitor. The right jugular vein was catheterized 
to permit monitoring of central venous pressure. A large-bore (15- 
to 17-gauge) catheter was inserted into the left jugular vein and 
used to withdraw blood for processing, as well as for the infusion 
of saline and washed red cells. A variable-rate saline infusion was 
used to maintain a mean arterial pressure above 70 mm Hg. This 
required an average of 15 mL/kg of body weight. 

A protocol for blood processing was formulated to routinely 
achieve a centrifuge bowl deposit with marked procoagulant 
activity (18- to 25-s clotting time). Four hundred milliliters of 
blood was withdrawn into 20-mL evacuated glass tubes that 
contained 2 mL of 3.2% sodium citrate and 40 U of heparin sodium 
(porcine, LyphoMed Inc, Rosemont, Ill). The sodium citrate was 
only temporarily present as a safeguard against the hypercoagu- 
lable tendency of canine blood; its effect was neutralized by later 
addition of calcium chloride. There was no visible clotting at any 
time in any of the experiments. Following acquisition of the blood, 
it was maintained at 37°C for 90 minutes (this is the average 
waiting time in the operating room before sufficient blood has 
accumulated for processing of the first unit to begin). 

Low plasma protein levels, resulting from dilution of the blood 
with crystalloid, were found to make the leukocytes more vulner- 
able to damage by the high-shear forces that were exerted on 
them by the spinning centrifuge bowl. The blood was therefore 
diluted with isotonic saline (940 mL at 36°C) and an additional 
235 mL of saline that contained 0.025 mol/L calcium chloride (one 
part blood to three parts diluent). The diluted blood was then 
processed according to the manufacturer's instructions and washed 
with 900 mL of isotonic saline solution. 
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At the conclusion of this process, the bowl contained close to 
225 mL of packed red cells (approximate hematocrit, 0.55), and 
the excess diluent mixed with plasma had been cycled through 
the bowl into the waste bag. The total spin time was kept constant 
at 12 minutes, and the bowl was then brought to rest for two 
minutes. The washed red cells were then pumped out of the 
recovery device into a reinfusion bag. At this stage in the blood 
salvage procedure, the wall of the centrifuge bowl was sidelit and 
examined visually to determine the presence and extent of any 
cellular deposit. Figure 1 shows a heavy bowl deposit. 

Normal use of the salvage device involves processing of further 
units of blood, and deposited material on the bowl wall could 
therefore be stripped off and infused with the next unit. The 
remaining 100 mL of the saline wash solution was therefore used 
to determine if a procoagulant was being released. The wall of the 
bowl was rinsed with two 50-mL aliquots using gentle manual 
agitation. The bowl rinse was assayed for procoagulant activity 
by substituting 0.1 mL of the rinse for 0.1 mL thromboplastin 
in a standard prothrombin time assay. A dilution curve was 
prepared by utilizing a saline extract of reference thromboplastin 
(Sigma Chemical Co, St Louis). An estimate could then be made 
of the potency of the procoagulants being released from the bowl 
deposit. 

Blood samples were drawn from each dog for a cell count and a 
fibrinogen determination immediately before the reinfusion. The 
bowl rinses and the washed red cells were passed through an 
ultrafilter (Pall Biomedical Products Corp, East Hills, NY) witha 
40-u.m effective pore size, then infused slowly to avoid hyperten- 
sion. The mean arterial pressure was maintained above 70 mm Hg 
in all dogs, except the two dogs in which the effects of shock were 
being studied. Ten minutes after completion of the reinfusion, 
blood samples were again drawn for cell counts and fibrinogen 
levels, and the blood pressure and central venous pressure were 
monitored. After 70 minutes, further blood samples were drawn, 
heparin sodium (5 U/mL) was administered to minimize postmor- 
tem clotting, and ten minutes later, T-61 Euthanasia Solution 
(Hoechst-Roussel Pharmaceuticals Inc, Somerville, NJ) was ad- 
ministered in a dose of 0.3 mL/kg. An autopsy was performed 
immediately, and lung sections were fixed, wax embedded, cut at 
5 jum, and stained with hematoxylin-eosin. Duplicates of all of the 
lung specimens were prepared and stained with Carstairs platelet- 
fibrin stain.^$ 

Experimental studies were grouped to determine those condi- 
tions of salvage that contributed to the adhesion of damaged cells 
to the centrifuge bowl wall as follows: group 1, hemodilution; 
group 2, state of activation of the platelets; group 3, low calcium 
level; and group 4, controls. 


Group 1: Hemodilution 


The blood drawn for processing was diluted with crystalloid, 
thus lowering the plasma protein level to less than 20 g/L in all 
the experimental animals. Animals 1, 2, and 3 in group 1 were a 
baseline series in which the only variable under scrutiny was the 
effect of hemodilution. The blood was anticoagulated; then after a 
90-minute delay, it was diluted with isotonic saline, recalcified, 
and processed in the blood salvage device. The blood from animals 
4 and 5 was processed in the same way after 30 minutes. 

The effect of hypovolemic shock at the time of reinfusion was 
studied in dogs 6 and 7; in these dogs, a mean arterial pressure of 
48 mm Hg was induced by withdrawing an additional 300 mL of 
blood 15 minutes before reinfusion. 


Group 2: Platelets 


Platelets Activated by Clots (and Hemodilution).—In dog 8, 
80% of the usual amount of blood withdrawn was anticoagulated 
and incubated in the usual fashion for 90 minutes. Immediately 
before processing, the remaining 20% of the blood was drawn 
without anticoagulant and, three minutes after acquisition, was 
added to the larger volume drawn earlier. This mixture of unclotted 
and partially clotted blood was diluted with saline, and the calcium 
level was raised into the physiological range. The mixture was 
then filtered through a cardiotomy reservoir (William Harvey 
H4700, C.R. Bard Inc, Billerica, Mass) to remove the clots and 
processed immediately. 

Platelets Removed.—Twenty percent of the blood was allowed 
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Fig 1.—Appearance of centrifuge bowl! with heavy deposit of 
platelets and white blood cells adherent to wall. 


to form clots in dog 9, but there was only a 30-minute delay before 
dilution with saline, recalcification, and centrifugation. A cardi- 
otomy reservoir (William Harvey H4700, C.R. Bard Inc) was 
again used to remove the clots. In dog 10 the platelets were 
removed by prolonged contact with a foreign surface (a large 
Erlenmeyer flask was used). 

Inactive Platelets.— The blood was procured and incubated 
under circumstances that were likely to keep the platelets in as 
inactive a state as possible in dog 11. The blood was drawn 
atraumatically into silicone grease-coated plastic syringes, with 
avoidance of turbulence and air contact. All other processing steps 
remained the same. 


Group 3: Low Calcium Level 


In dogs 12 through 15, the blood calcium level was depressed 
throughout blood acquisition and processing since the added 
sodium citrate was never neutralized. 


Group 4: Control/Alternative 
Cell-Washing Procedures 


In the control dogs, blood was drawn in a manner identical to 
the experimental ones. Dogs 16 through 18 suffered only from 
blood loss and received no reinfusion of any cells. Dogs 19 through 
21 received autologous packed red cells that were prepared in a 
soft bag using a standard blood bank centrifuge with swinging 
buckets. 


RESULTS 


The results are summarized in the Table. The damage in 
experimental dogs 1 through 8 was much more extensive 
for an equivalent blood loss when compared with control 
dogs 16 through 21, and the degree of damage correlated 
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Amount of Leukocyte-Platelet Accumulation Associated With Varying Conditions at Time of Blood Salvage 


% Blood Bowl Deposit Histopathology 
Experimental Group Dog Drawn Deposit Assay* Ratingt 
Group 1 
Hemodilution alonet 19 Moderate 19 ++4+4 
Heavy 18 LEBER 
Moderate 20 T a 
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Moderate 
Moderate 


+++ 





+++ 
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Moderate 24 ++4++ 
Heavy 24 ++++ 
None 100 E 
None 120 B 
None 75 - 






None 






None 
None 
None 










*Clotting time in seconds of 0.1 mL of bowl deposit rinse, 0.1 mL of citrated dog plasma, and 0.1-mL of 0.025 mol/L of calcium chloride. The citrated dog 
plasma and calcium chloride alone clotted in 100 to 120 s. An infusion of 100 mL of bowl rinse with an 18-s clotting time is equivalent in potency to 40 mL of 
commercial thromboplastin (Sigma Chemical Co, St Louis). 

THistopathology rating of degree of damage as follows: one minus sign, no gross or microscopic damage; one plus sign, no gross pathologic, and minimal 
` microscopic pathology; two plus signs, small patches of hemorrhage and edema (gross and microscopy, <10% of lung damaged); three plus signs, 10% to 
30% of lung damaged; and four plus signs, 30% to 90% of lung damaged. 

Physiological calcium levels. 


well with the deposit seen on the bowl. Microscopically, 
the animals that had received processed blood from a bowl 
with a heavy deposit showed many platelet-fibrin thrombi 
with accumulations of leukocytes (Fig 2, left) Tangled 
fibrin skeins incorporated into occlusive thrombi (Fig 2, 
right) were a prominent feature on those sections stained 
for fibrin (Carstairs stain). When shock was also present 
(as in dogs 6 and 7), the hemorrhage and edema were so 
extensive that any other histological changes were difficult 
to identify. 

The series that was designed to investigate the effect of 
various degrees of platelet activation showed that a brief 
exposure of platelets to the thrombin formed in a recent 
clot caused them to participate in the formation of a heavy 
bowl deposit. Massive pulmonary damage resulted (dog 8). 
In sharp contrast, the removal of platelets by incorporation 
into a thrombus (dog 9), by exposure to a foreign surface 
(dog 10), or by failure to activate them (dog 11) had much 
improved results; that is, when no platelets were present 
during the processing step or when the platelets were 
completely quiescent, there was no deposit and no pulmo- 
nary damage. 

When sodium citrate, as well as heparin, was present 
throughout all the processing steps (dogs 12 through 15), 
there was no bowl deposit. However, in two animals, there 
was minor pulmonary pathology that was similar in extent 
to that seen in two of the six normal controls. 

The presence of these abnormal findings due to blood 
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loss alone such as that seen in two of the control dogs has 
been noted by other workers^* and served as a baseline 
against which all other pulmonary changes were inter- 
preted. The remaining four control dogs showed no gross 
pulmonary pathology, nor did the remaining two sodium 
citrate/heparin-treated dogs. 

The platelet counts and fibrinogen levels of the dogs 
showed little change even when massive pulmonary pa- 
thology was evident, suggesting that these laboratory tests 
are not useful to determine the safety of a particular 
modification of the red cell salvage technique in dogs. 


COMMENT 


The application to humans of experimental data from 
animals always raises some questions. These studies could 
not be performed on humans for ethical reasons. However, 
when blood from human volunteers was processed in the 
cell-washing device using the same conditions as described 
for the dogs, platelets and white cells became trapped on 
the wall of the centrifuge bowl. The deposit, thus formed, 
had marked procoagulant potency. There is every reason 
to believe that the same failure to remove platelets and 
leukocytes can occur in perioperative human blood salvage 
if circumstances deliver activated and adhesive platelets 
to the bowl at the start of centrifugation. 

To our knowledge, the possibility of formation of toxic 
platelet and leukocyte degradation products has not pre- 
viously been investigated because the washing procedure 
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Fig 2.—Left, Pulmonary vessel occluded by platelet-fibrin thrombus with heavy accumulation of leukocytes 
(hematoxylin-eosin, original magnification x 375). Right, Pulmonary vessel partially occluded with tangled fibrin 
skeins and white cells (Carstairs platelet-fibrin stain, original magnification x 150). 


is thought to remove platelets and white cells*° and also 
potential procoagulants.! This expectation is fulfilled most 
of the time. The vigorous and extensive washing procedure 
to which the salvaged red cells are subjected always 
removes any activated proteins of the coagulation pathway, 
along with other molecules such as hemoglobin or heparin, 
because all these contaminants are in solution. The cen- 
trifugation/concentration step usually removes the plate- 
lets and white cells, as well when the buffy coat overflows 
into the waste bag. When, however, adhesive and physio- 
logically active platelets adhere to the bowl wall rather 
than rising to the surface of the red cell layer, the washing 
process is powerless to remove them. 

Why have the red cell salvage devices been used so long 
with so few recognized clinical complications? Pulmonary 
damage due to leukocyte degradation products is indistin- 
guishable from the clinical picture of adult respiratory 
distress syndrome (ARDS). A retrospective study of all 

patients who suffer from ARDS and/or multiple-organ 
system failure after they receive washed autologous red 
cells could be undertaken. Such a study would be unlikely 
to identify those patients who received a unit of salvaged 
red cells that contained toxic degradation products, for one 
such infusion would cause such extensive coagulopathy 
that many more units of bank blood would be required 
subsequently. Multiple transfusions and/or shock are them- 
selves etiological factors in ARDS.” 

Very few problems have been encountered when using 
red cell salvage devices following cardiopulmonary bypass. 
The experimental removal of platelets by blood exposure 
to foreign surfaces (dog 10) produced no bow! deposit; the 
situation that occurs during and after cardiopulmonary 
bypass may be analogous since these platelets, following 
bypass, are known to be refractory. 

Can the red cell salvage process be modified to make it 
uniformly safe under all circumstances and for all patients? 
Probably not without modification of the processing steps 
that, on occasion, result in the formation of a platelet/white 


cell deposit on the centrifuge bowl. Because the formation 
of the procoagulant-leukoattractant substance is multifac- 
torial in origin, its occurrence can never be consistently 
predicted. Still, it would seem prudent to take the following 
precautions as the experiments herein reported indicate: 

1. Avoid dilution of the aspirated blood with large 
quantities of saline wash solution despite the fact that all 
of this extra fluid will be removed by the washing process. 
Dilution of salvaged blood with isotonic saline appears to 
make deposit formation more likely due to a concomitant 
low plasma protein level. Indeed, high dilution of the 
aspirated blood augmented deposit formation more than 
any other single factor. 

2. Avoid the intravenous administration of additional 
calcium to the patient at the time of active salvage of blood. 

3. Avoid adding partially clotted blood to the collected 
aspirate shortly before pumping it into the centrifuge bowl 
for processing. If such partially clotted material is unavoid- 
ably aspirated, then wait until sufficient time has elapsed 
for activated platelets to disappear. In view of the short 
half-life of thrombin in clotted blood and the rapid attach- 
ment of thrombin-activated platelets to the foreign surfaces 
of the processing equipment, a period of ten to 15 minutes 
is probably adequate. 

4. Avoid blood salvage entirely in patients with a high 
platelet count, pregnant patients, and those patients who 
are clinically hypercoagulable. 

5. Avoid reinfusion of the salvaged blood (ie, discard the 
unit and the bowl) if significant deposit of translucent 
platelets is visible on the inside of the centrifuge bowl 
after the washed red cells have been returned to the 
reinfusion bag. 


This work was supported by a grant from the Departments of Anesthe- 
siology, Pathology, and Surgery (Section of Vascular Surgery), Loma Linda 
(Calif) University. Research was supported in part by a grant from the BK 
Medical Research Foundation, San Bernardino, Calif. 
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Discussion 


I have only lately been aware of the great influence exerted upon 
blood by exposure for a very short time to a foreign solid, and I 
feel that many of my own experiments, and many performed by 
others, have been vitiated for want of this knowledge. 

JOSEPH LISTER (1863) 


Roy L. Tawes, JR, MD, San Mateo, Calif: Thrombogenicity on 
artificial surfaces has been a concern for some time, and it has 
hindered the early development of cardiopulmonary bypass and 
dialysis machines. The complex interplay of platelets, leukocytes, 
and complement activation leading to a procoagulant state has 
been implicated. Dr Bull and colleagues have presented an inter- 
esting, ambitious laboratory study in dogs, demonstrating the 
formation of procoagulant and leukoattractant material during 
experimental autologous blood salvage that leads to intravascular 
clotting and pulmonary damage. 

As the authors mention, application to humans of experimental 
data from animals always raises some questions. Why have blood 
salvage devices been used so long with so few recognized clinical 
complications? Problems with coagulopathy impaired the accep- 
tance of autotransfusion techniques until Haemonetics Corp de- 
veloped the Cell Saver in the 1979s. 

Three years ago, I stressed the underutilization of autotrans- 
fusion in vascular surgery. We now have experience, with our 
colleagues in orthopedic and cardiac surgery, of over 5000 cases. 
Coagulopathy is an unusual occurrence. Therefore, we must be 
doing something different from this experimental study. 

Clinically, my colleagues and I try to avoid hypothermia by a 
thermal control measure, such as warming the inhalant gases, 
intravenous fluids, and blood, plus using a thermal blanket. 
Anticoagulation is monitored intraoperatively by the activated 
coagulation time to assure safe levels and adequate reversal. If 
multiple transfusions are required, fresh-frozen plasma and plate- 
lets are given with calcium after 5 to 7 U have been replaced, 
varying somewhat with hemostasis in the operative field. We use 
a 20- to 25-um filter in the reservoir routinely and large-bore 
suction tips. The importance of these should not be overlooked. 

Recently, we acquired a plasma collection system (Haemonetics 
Corp) to obtain platelet-rich plasma for autologous reinfusion after 
complex vascular operations associated with large blood loss. This 
will enable us to avoid transfusion of any homologous blood 
components. In our experience, adherence to these general pro- 
cedures maintains a low incidence of coagulopathy and ARDS. In 
specific reference to the present study and in a schematic of the 
Cell Saver I would like to cite where this experiment is not 
analogous to the clinical situation. 

The majority of patients are heparinized in our clinical practice. 
The large-bore suction tip minimizes shear-stress trauma to the 
cells. First, the salvaged blood is sent through a heparinized 
tubing to a collection reservoir equipped with a 20- to 25-,.m filter 
that screens out 97% of platelet and white cell clumps and debris. 
This is a critical difference compared with the present study. In 
the dog experiment, the blood was placed directly in the centrifuge 
bowl without previous filtration in the collection reservoir; then, 
it was infused into the dogs through a 40-jum filter, which we think 
is inadequate. 

Second, in the clinical situation, the blood is next washed in the 
centrifuge bowl with 1 L of 0.9% normal saline solution, and often, 
returned to the patient in three to seven minutes, not 90 minutes 
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as stated in this study by Bull et al. This bowl contains 20000 U 
of aqueous heparin sodium. The suction-irrigating solution con- 
tains another 10000 U of aqueous heparin sodium. In cardiopul- 
monary bypass, a 20-um filter is used in the reservoir side for 
ultrafiltration, and a 40-um filter is used on the arterial side to 
reduce the shear stress of blood that is returned to the patient. 
Much sophisticated research in the 1970s demonstrated the im- 
portance of ultrafiltration to avoid coagulopathy and pulmonary 
microemboli, as Bull et al have shown in their study. In a way, 
their methodology has set up a model for “shock lung" in dogs 
whose lungs serve as a 20-jum filter. 

Because the implications of the present study are so important 
clinically, I would like to see it repeated, using ultrafiltration 
techniques following the clinical sequence I have described. I 
predict that hemodilution with saline, calcium, and the addition 
of calcium or clotted blood to the aspirate, will not then be 
considered important factors leading to a "blood salvage syn- 
drome," because in 5000 cases since 1979, my colleagues and I 
have experienced a minimal incidence of coagulopathy and ARDS, 
ignoring these factors. The basic difference is our anticoagulation 
and microfiltration techniques, plus the attention to the general 
factors noted. 

MoHAMMED Arık, MD, Los Angeles: Activation of complement 
and the release of procoagulants, leukoattractants, and platelet- 
activating factors, in all forms of transfusions, are hazardous, and 
it'would be impossible to eliminate them completely, especially 
when the number of transfusions is increased. 

We are cognizant of the importance of autotransfusion with the 
new devices in emergency massive blood loss, but I think in most 
elective surgical procedures, we can do without transfusion of any 
kind with no ill effects. 

In the past few years, my colleagues and I have adopted a policy 
of isovolemic hemodilution in elective operations, including that of 
aortic reconstruction surgery and resection of abdominal aneu- 
rysms. We have actually reduced the number of transfusions by 
50%. One third of our patients who have undergone these opera- 
tions on the aorta have not received any transfusions. 

It is clear that the tissue perfusion and oxygen transport not 
only depend on the hemoglobin level or hematocrit but also on 
cardiac output. As long as a patient's blood volume is adequately 
maintained and he can augment his cardiac output, he can do very 
well with a hematocrit of 0.30. There are several studies that 
indicate that tissue perfusion in the absence of serious cardiac 
disease is better maintained with a hematocrit of 0.30 to 0.35 than 
with a hematocrit of 0.45 to 0.50. 

With these considerations in mind, I submit that it is possible 
for all of us, regardless of our specialties, to reduce safely and 
even entirely eliminate the number of transfusions by at least 50% 
in our elective operations; thus, the hazards and costs of transfu- 
sions will be reduced effectively. 

Max R. Gaspar, MD, Long Beach, Calif: Although this was a 
laboratory study, I think it may have great clinical implications. 

In a resection of a thoracic aneurysm, much blood is apt to be 
lost. E. Stanley Crawford, MD, in Houston uses no heparin. He 
scavenges a great deal of blood (about 8 U in each case). 

Dr Crawford uses fresh-frozen plasma and platelets routinely 
in very large amounts and, seemingly, has few bleeding problems; 
however, I have had bleeding problems, and I would like to know 
how to avoid them, if possible. Do the authors think there are 
differences in the type of apparatus used for red cell salvage and 
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does it make any difference how rapidly the blood is scavenged 
and how much is given back? 

STEPHEN ETHEREDGE, MD, Oakland, Calif: A dog is probably 
not a good model for extrapolating this kind of experimental data 
to the clinical practice of surgery in humans. Perhaps sheep or the 
primate model would better serve our needs. 

Also, there is a major difference between animals and vascular 
patients in that our patients almost routinely receive aspirin 
before their surgical cases which inactivates or deactivates their 
platelets and their adhesiveness. Despite the addition of heparin 
at the suction tip, our patients are also fully heparinized, so it is 
rather unusual to draw up fully formed clots into the apparatus 
that may have something to do with the amount of by-products 
activated. 

I have two questions: (1) How would the authors suggest 
maintaining high plasma protein levels when the Cell Saver, by 
virtue of its design, removes all those with the supernatant? (2) 
Could Dr Smith comment on the frequent clinical practice of 
wringing out blood-soaked lap sponges that have been in contact 
with the blood for a period of time at the conclusion of the case 
into the abdominal fluids and drawing that fluid into the Cell 
Saver to acquire the cells that are present within it? 

C. JAMES Carrico, MD, Seattle: The authors remind us that 
any time we manipulate blood, we activate a number of components 
that are normally useful defense mechanisms, but they can become 
destructive to the host. There are ways to make recycling of blood 
safer, but we are never going to make it absolutely safe. 

Bull and associates have pointed out the problems of readminis- 
tration of particulate matter, ie, activated platelets and white 
cells. I also would like to point out the problem of readministration 
of the humoral components. The hematocrit of the blood returned 
is 0.50 to 0.60, which means that 0.40 to 0.50 of what is returned 
is left from the wash solution. I learned this lesson in a patient 
with an unrecognized injury who developed significant hemolysis 
after recycling of intra-abdominal blood. It turned out that the 
amylase level, and presumably the levels of lipase and the 
proteases, in the wash fluid were elevated. 

Have the authors tested the wash solution to see if it activates 
normal platelets and neutrophils? Does the wash solution poten- 
tially aetivate the patient's endogenous platelets and neutrophils? 

Dr SmitH: We emphasize that the development of a full-blown 
coagulopathy in our experience after the use of a cell salvage 
device is infrequent. However, when one has experienced such a 
disaster, one is not likely to forget it. Our study tried to determine 
what factors might play a role in that rare patient who develops 
an acute coagulopathy. 

Dr Tawes pointed out the ways in which our experimental design 
differed from standard usage. In all experiments the blood was 
drawn atraumatically directly into anticoagulant and would readily 
have passed unchanged through a 20-ym filter. Experimental 
group 2 most closely approximated the usual operating room 
salvage conditions; a few clots were added and the blood was 
filtered before centrifugation. All clumps of platelets and debris 
and clots were removed using a filter that was an integral part of 
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the cardiotomy reservoir (William Harvey H4700) as in standard 
operating room procedure. Even though all precautions were 
taken to remove clumps of platelets and white cells, if the time 
was short between the addition of thrombin (in the fresh clots) 
and the centrifugation process, activated individual cells readily 
passed through the filters. | 

The pore size of the final filter was 40 um. Dr Tawes has 
commented about the use of a 20-jum filter. Most of the procoagu- 
lants and leukoattractants that cause this problem are not filter- 
able because the particle size of the micelles is much less than 
that of a red cell. I doubt that the 20-j.m filter would significantly 
change the outcome of our experiments. We will need to study 
this feature to see whether this is true. 

The use of the Cell Saver with open heart surgery is different 
since the platelets have already circulated through a machine with 
an extensive foreign surface, and platelets so treated are known 
to be refractory. 

Dr Atik has mentioned isovolemic autotransfusion and where 
blood loss is likely to be moderate; this is a useful means of 
obviating transfused blood. 

Dr Gaspar has asked about the rapidity of the removal and 
return of salvaged blood. Blood sequestered in the reservoir for a 
long period of time will have white cells and platelets present but 
they will be inactive if the blood has been adequately anticoagu- 
lated. Conversely, even if the platelets have been activated by 
exposure to partially clotted blood these activated platelets will 
be removed if sufficient time has elapsed to allow all thrombin 
released to form clots. In severe hemorrhage, if blood is aspirated 
rapidly, with no adjustment to the rate of addition of heparin, it 
may have active platelets, &nd if processed within ten minutes may 
form a deposit on the bowl wall. 

Dr Etheredge has commented on the use of the dog in these 
experiments. The difference between the canine clotting mecha- 
nism and that in the human is well known. We did experiments 
using blood from human volunteers and under conditions that 
favored deposit formation in the dog observed the same deposition 
on the bowl. 

I agree with Dr Etheredge that aspiration of foreign materials 
and blood clots that are wrung out of sponges adds to the possibility 
of the development of the “salvaged blood syndrome." 

Dr Etheredge also raised a question about keeping plasma 
protein levels high when the Cell Saver removes all the supernatant 
by virtue of its design. It is the level of plasma proteins in the 
blood at the time of filling of the bowl that is critical rather than 
at the end of the wash process. It is inadvisable therefore to use 
the Cell Saver in patients already extremely hemodiluted following 
the administration of large quantities of crystalloid. For similar 
reasons saline wash solution should not be aspirated into the 
container where salvaged blood is being accumulated. 

Dr Carrico has pointed out the importance of activated comple- 
ment in blood coagulation and has registered concern about the 
aspiration of pancreatic enzymes, etc, from the peritoneal cavity. 
I think this is an important factor in the activation of the clotting 
mechanism and the production of postoperative coagulopathy. 
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Practical Aspects in the Diagnosis and 
Management of Cystosarcoma Phyllodes 


John Hart, MD; Lester J. Layfield, MD; William E. Trumbull, MD; Donald Brayton, MD; 


Wiley F. Barker, MD; Armando E. Giuliano, MD 


e Thirty-five cases of benign cystosarcoma phyllodes, 13 
cases of malignant cystosarcoma phyllodes, and ten cases of 
giant fibroadenoma were studied. The diagnosis of benign or 
malignant cystosarcoma phyllodes was based on a combina- 
tion of histological features. Clinical and gross pathologic 
findings were not found to be useful in distinguishing between 
benign and malignant tumors. Giant fibroadenomas occurred 
primarily in black adolescents and were histologically distinct. 


. Positive surgical margins were found to be the best predictor 


of local recurrence of benign or malignant cystosarcoma 
phyllodes. Systemic metastases occurred in only one case of 
malignant cystosarcoma phyllodes. Most benign and malig- 
nant cystosarcoma phyllodes may be treated by wide local 
excision with tumor-free margins. Giant fibroadenomas 
should be treated by simple excision to preserve normal 
breast tissue. 
(Arch Surg 1988;123:1079-1083) 


ystosarcoma phyllodes is a rare breast tumor charac- 
terized by proliferation of both stromal and epithelial 
elements. First described by Johannes Müller in 1838, the 
histological diagnosis remains difficult for the pathologist 
and has sometimes led surgeons to inadequate or excessive 
therapy Proper surgical management of these tumors 
requires an accurate assessment of the potential for both 
local recurrence and metastasis. Numerous authors have 
attempted to find reliable clinical and histological features 


that would allow prediction of biologic behavior)? The 


diversity of opinion regarding the diagnostic criteria for 
benign and malignant cystosarcoma phyllodes has led to a 
variety of recommendations for surgical therapy.** In 
addition, cystosarcoma is difficult to distinguish histologi- 
cally from giant fibroadenoma (juvenile adenofibroma). 
Furthermore, the terms benign cystosarcoma, giant fibro- 
adenoma, and cellular adenofibroma have been used 
interchangeably in the past.? In adolescent patients, the 
diagnosis of giant fibroadenoma or cystosarcoma phyllodes 
has been particularly difficult.* 

This retrospective study of patients with benign and 
malignant cystosarcoma phyllodes and giant fibroadenoma 
of the breast is an effort to better define the criteria for 
the diagnosis of these tumors and to identify the best 
clinical and histological predictors of local recurrence of 
tumor. The type of surgical therapy for each lesion and the 
rationale of practical management is examined. 


MATERIALS AND METHODS 


To identify patients with any of these three often-confused 
lesions, the computerized surgical pathology files of UCLA Med- 
ical Center, Santa Monica (Calif) Hospital, and St John’s Hospital 
and Health Center, Santa Monica, were searched for cases of 
benign or malignant cystosarcoma phyllodes, cellular adenofi- 
broma, giant fibroadenoma, and juvenile adenofibroma. Clinical 
features studied included patient age at presentation, rate of 
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lesion growth, presence of skin ulceration, and operation. Tumor 
size, adequacy of surgical margins, and presence of hemorrhage 
and necrosis were examined. 

Slides from each case were reviewed independently by two 
pathologists at UCLA without knowledge of the original diagnosis 
or clinical outcome. Histological features examined were stromal 
cellularity, stromal nuclear atypia, mitotic rate, appearance of 
borders, and stromal overgrowth. Stromal cellularity was graded 
in the cellular tissue surrounding the ducts on a scale from 1 to 4 
(4 referring to the most cellular area). The nuclei in these areas 
were similarly graded 1 to 4, with the most pleomorphic being 
grade 4. The mitotic rate was determined by counting the number 
of mitoses per ten high-power fields. The presence of infiltrating 
or pushing borders was recorded. The presence of stromal over- 
growth, defined by Ward and Evans’ as at least one ( x 40) field of 
stroma devoid of epithelial elements, was also noted. Patients who 
had undergone multiple breast biopsies were excluded from the 
study if slides of all lesions were not available. 


RESULTS 


There were 58 tumors in 55 women who ranged in age 
from 13 to 60 years. The final diagnoses included ten giant 
fibroadenomas, 35 benign cystosarcoma phyllodes, and 13 
malignant cystosarcoma phyllodes. Length of follow-up of 
the patients ranged from one to 346 months (mean, 29 
months). Two patients had bilateral giant fibroadenomas, 
and one patient had bilateral benign cystosarcoma phyl- 
lodes. The original diagnosis was changed, after independ- 
ent review, from benign cystosarcoma phyllodes to malig- 
nant cystosarcoma phyllodes in four cases and from 
malignant to benign cystosarcoma phyllodes in three cases. 
In addition, ten lesions initially diagnosed as giant fibro- 
adenoma were reinterpreted as benign cystosarcoma phyl- 
lodes. Thus, in 17 (29%) of 58 tumors there was disagree- 
ment between the pathologists reviewing the slides and 
the initial pathologists. However, the two reviewing pa- 
thologists did not disagree in any case. 

No single histological criterion could be used to separate 
the three groups. The cases of benign cystosarcoma phyl- 
lodes were typified histologically by an intracanalieular 
growth pattern, often with frondlike extensions. They 
displayed moderate stromal cellularity and atypia, low 
mitotic rate, and pushing borders, and lacked evidence of 
stromal overgrowth (Figs 1 and 2). The malignant cysto- 
sarcoma phyllodes tumors, in contrast, generally exhibited 
stromal overgrowth, greater stromal cellularity and atypia, 
a higher mitotic rate, absence of frondlike extensions, and 
infiltrative borders (Fig 3). Giant fibroadenomas had a 
predominantly pericanalicular growth pattern with low 
stromal cellularity and atypia, uniformly negligible mitotic 
rate, and well-circumscribed pushing borders (Fig 4). The 
microscopic features of each group of tumors are summa- 
rized in Table 1. 

Because stromal cellularity and atypia are difficult to 
quantitate, there was great interobserver variation in 
grading them. Mitotic rate was usually uniform throughout 
the lesion. Stromal overgrowth, when present, was usually 
quite widespread. In two cases, however, it was focal and 
was seen in only a single section. The presence of pushing 
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Fig 1.—Benign cystosarcoma phyllodes showing typical intracan- 
alicular growth pattern (hematoxylin-eosin, original magnifica- 
tion x 15). 
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Fig 2.—Benign cystosarcoma phyllodes displaying prominent 
frondlike stromal extensions. Stromal cellularity is moderate (he- 
matoxylin-eosin, original magnification x 15). 


vs infiltrative borders could generally be determined easily 
by observing stromal cells infiltrating or “pushing” the 
surrounding normal breast tissue. 

The mean age of patients with giant fibroadenomas was 
17.3 years (range, 13 to 27 years), while the mean age for 
benign and malignant cystosarcoma phyllodes was 40.0 
years (range, 18 to 60 years) and 45.8 years (range, 30 to 
60 years), respectively. 

Initial surgical treatment varied in each group of tumors. 
Local excision, in which the tumor was “shelled out" with 
no attempt to remove a margin of normal breast tissue, 
was performed in eight (80.096) of ten giant fibroadenomas, 
23 (65.7%) of 35 benign cystosarcoma phyllodes, and four 
(30.7%) of 13 malignant cystosarcoma phyllodes. Wide 
excision or quadrant resection, where the tumor and 
surrounding normal breast tissue were excised, was per- 
formed for two (20.0%) of ten giant fibroadenomas, eight 
(22.8%) of 35 benign cystosarcomas, and three (23.1%) of 
13 malignant cystosarcomas. No total mastectomies were 
performed for giant fibroadenoma; however, four (11.4%) 
of 35 patients with benign cystosarcoma phyllodes and six 
(46.1%) of 13 patients with malignant cystosarcoma phyl- 
lodes were treated with total mastectomy (Table 2). 

The mean diameters of the lesions in each of the three 
groups were not significantly different (giant fibroade- 
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phyllodes. Note severe stromal cellularity and numerous mitotic 


figures (hematoxylin-eosin, original magnification x 100). 


Fig 4.—Giant fibroadenoma exhibiting pericanalicular growth pat- 
tern and low stromal cellularity (hematoxylin-eosin, original mag- 
nification x 25). 


noma, 7.5 em; benign cystosarcoma phyllodes, 5.5 em; and 
malignant cystosarcoma phyllodes, 8.0 cm). Hemorrhage 
and necrosis were seen grossly in both benign and malig- 
nant cystosarcoma phyllodes tumors but were not observed 
in any of the giant fibroadenomas (Table 3). 

Tumors recurred in seven benign (20.0%) and four 
malignant (30.7%) cystosarcoma phyllodes. All instances 
of recurrence followed local excision. In nine (81.8%) of 11 
recurrent tumors, positive surgical margins were present. 
The mean interval to first recurrence was 28 months for 
benign cystosarcoma and 22 months for malignant cysto- 
sarcoma phyllodes. Four of the 11 recurrent tumors were 
treated with total mastectomy, none of which recurred 
again. Distant metastases occurred in only one (7.7%) of 
the 13 cases of malignant cystosarcoma phyllodes. 

The histologic features of the recurrent tumors generally 
mirrored those seen in the primary lesion. No “transfor- 
mation” of a benign cystosarcoma phyllodes to a malignant 
tumor was seen. Infiltrating ductal carcinoma was seen in 
the ipsilateral breast of one patient and in the contralateral 
breast of a second patient. 


COMMENT 


The diagnosis and management of patients with giant 
fibroadenoma, and benign or malignant cystosarcoma phyl- 
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Table 1.—Microscopic Features 














Range of Range of Mitotic 
1 Stromal Stromal Rate 
Cellularity Atypia per 10 Infiltrating Stromal 
(1-4) (1-4) High-Power Field Borders* Overgrowth* 


Giant fibroadenoma 1-2 1-3 «1 0/10 0/10 
Benign cystosarcoma phyllodes 1-3 1-3 «1-3 2/35 0/35 
4 2-4 


Malignant cystosarcoma phyllodes 2- 1-40 11/13 11/13 








*Values indicate number of cases with feature present/total number of cases. 


Table 2.—Clinical Features and Management 


Initial Management* 
a ———————————S 
Local Wide Total 
Excision Excision Excision 


Mean Age, y Skin 
(Range) Ulceration* 








m Giant fibroadenoma 


Benign cystosarcoma phyllodes 


Malignant cystosarcoma phyllodes 


*Values indicate number of cases with feature present/total number of cases. 


Table 3.—Pathological Findings 


Positive 


Tumor Size, cm 
(Mean) 


3.5-18.0 
(7.5) 

2.0-11.0 
(5.5) 


2.5-35.0 
(8.0) 


Giant fibroadenoma 
Benign cystosarcoma phyllodes 


Malignant cystosarcoma phyllodes 


*Values indicate number of cases with feature present/total number of cases. 


lodes, has been confusing primarily due to the inability to 
distinguish accurately among the three tumors and to 
predict the biologic behavior of a given tumor. In our study, 
patient age, tumor size, rate of growth, and presence of 
skin ulceration were not found to be useful in distinguishing 
between histologically benign or malignant cystosarcoma 
or in predicting local recurrences. 

In our series eight of ten patients with giant fibroade- 
noma were black and all but one were 18 years old or 
younger. Pike and Oberman’! described 25 patients with 
fibroadenoma, all between the ages of 11 and 19 years. 
Fekete et al’ described 21 patients with a median age of 15 
years, all of whom were black. The typical presentation is 
an enlarging painless, firm mass, sometimes of 10 em or 
more. Cystosarcoma phyllodes may occur in adolescents 
and can present identically to a giant fibroadenoma. 

The histological features of giant fibroadenoma are fairly 
characteristic, and these tumors can be reliably diagnosed 
by experienced pathologists. The uniformly low mitotic 
rate, pericanalicular growth pattern, low stromal cellular- 
ity, lack of atypia, and well-cireumscribed pushing borders 
should lead to accurate histological diagnosis. However, 
ten cases of benign cystosarcoma phyllodes were originally 
misdiagnosed as giant fibroadenomas. This may in part 
reflect the uneasiness the pathologist feels in making the 
diagnosis of "sarcoma" in a young patient, particularly 
when the lesion appears to be fairly bland or if total 
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Hemorrhage* 
0/10 


5/25 


4/9 


Necrosis* 
0/10 


3/25 


4/9 


Surgical 

Margins* 
5/10 
10/35 


3/13 


Pushing 
Borders* 
10/10 
33/35 


2/13 





mastectomy would have been the treatment of choice for 
cystosarcoma. It has been observed*'^ that patients with 
solitary giant fibroadenomas do not develop recurrences, 
even if the lesion was shelled out. Patients with multiple 
bilateral lesions, on the other hand, are at risk for recur- 
rence. Histologically the solitary and multiple lesions are 
indistinguishable. In all probability patients with multiple 
lesions are merely prone to the development of additional 
new tumors rather than recurrence of those previously 
excised. In any event the clinical and histological features 
of this lesion are sufficiently distinct from benign cysto- 
sarcoma phyllodes and typical adult fibroadenomas to 
warrant a separate designation. 

Histological criteria useful in distinguishing between 
benign and malignant phyllodes tumors remain poorly 
defined, with some authors’"!” supporting the separation, 
while other authorities cite the lack of correlation between 
histological features and clinical behavior as evidence 
against subclassification.'*"* Histological features, such as 
stromal cellularity and atypia, mitotic rate, and the pres- 
ence of stromal overgrowth, hemorrhage, necrosis, and 
infiltrating vs pushing borders, have all been utilized as 
the criteria for separating benign from malignant tumors. 
Norris and Taylor? found tumor size and contour, mitotic 
rate, and stromal atypia to be useful in predicting meta- 
static potential. Hart et al? classified tumors that exhibited 
marked stromal cellularity and anaplasia, a high mitotic 
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rate, and stromal overgrowth as malignant. Contarini 
et al? divided their cases on the basis of stromal cellularity 
and atypia, mitotic rate, presence or absence of stromal 
overgrowth, and tumor contour but concluded that these 
features were unreliable in predicting clinical course. In 
most prior studies the histological criteria have been 
vaguely defined and applied. The diversity of opinion within 
the literature regarding the proper diagnostic criteria 
explains why the original diagnosis of cystosarcoma phyl- 
lodes was changed in 17 cases (29.396) in our study. 
Disparity in the diagnosis among pathologists has been 
noted to be a problem by others” and has led to problems 
in surgical management. 

Our study used a combination of mitotic rate, stromal 
cellularity and atypia, presence of pushing or infiltrating 
borders, and presence or absence of stromal overgrowth as 
the histological criteria to separate benign from malignant 
tumors. None of these features was useful alone in deter- 
mining the benign or malignant tumors. None of our benign 
tumors had a mitotic rate greater than three per ten high- 
power fields, but two of the malignant tumors had mitotic 
rates of one per ten high-power fields. We found stromal 
cellularity and atypia very difficult to quantitate and least 
helpful in distinguishing between the benign and malignant 
tumors. Infiltrating margins were a very good indicator of 
malignancy in our series, as well as others.*!'./? 

Stromal overgrowth has emerged as the most important 
histological criterion of malignancy. Studies by Hart et al"? 
and Ward and Evans’ have stressed that only lesions 
exhibiting stromal overgrowth have the potential for me- 
tastases. They suggest that those lesions that appear 
histologically malignant but do not exhibit stromal over- 
growth will generally behave in a benign fashion. It is 
possible that stromal overgrowth could be missed by the 
pathologist due to inadequate sampling of the tumor. 
Eleven of our 13 malignant tumors displayed stromal 
overgrowth. In one malignant tumor the absence of stromal 
overgrowth may have been due to inadequate sampling, as 
the tumor was 35 em in diameter and only five sections 
were taken. The other malignant case without stromal 
overgrowth had infiltrating borders, grade 3 stromal cel- 
lularity and atypia, and four mitotic figures per ten high- 
power fields. 

Even among histologically malignant tumors with stro- 
mal overgrowth, metastases occur in only a minority of 
cases. Only one of our 13 patients developed systemic 
metastases. In reported series the percentage of histolog- 
ically malignant tumors that metastasized ranged from 
0% to 7096,15 with an average of approximately 2546.7: 
Even histologically malignant cystosarcoma phyllodes is a 
low-grade tumor with a relatively good prognosis. 

Local recurrences are far more common than distant 
metastases. Hajdu et al found an 18% local recurrence 
rate for benign lesions and an 8% rate for malignant lesions. 
These authors relate this difference to the greater extent 
of operation (mastectomy) for malignant tumors. 
Haagensen” reports a 28% local recurrence after local 
excision. Stromal overgrowth does not accurately predict 
local reeurrence of tumor. Numerous investigators have 
concluded that local recurrence is a direct result of incom- 
plete tumor excision.*!*"*° Positive surgical margins were 
documented nine of eleven instances of recurrence in our 
study. Moreover, all recurrences followed local excisions. 
Recurrence of benign cystosarcoma phyllodes generally 
occurs within one to two years after treatment of the 
primary tumor.*:?/*? The length of time until recurrence for 
malignant tumors may be shorter.” In our patients, the 
benign tumors recurred after an average of 28 months, 
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while the malignant tumors recurred after 22 months. The 
recurrent tumors generally displayed histologic features 
similar to those of their primary lesion in terms of stromal 
cellularity and atypia, mitotic rate, and contour. No evo- 
lution from benign to malignant features was seen in our 
patients. This has also been true in most previous re- 
ports,?*9:2 with some exceptions.?'? 

The surgical management of patients with benign or 
malignant cystosarcoma phyllodes has varied greatly in 
the past, ranging from local excision to radical mastectomy. 
Cystosarcoma, whether benign or malignant, is almost 
never multifocal and rarely, if ever, metastasizes to regional 
lymph nodes. Therefore, total removal of the breast or the 
axillary lymph nodes is usually unnecessary. However, it is 
essential to remove the tumor completely te avoid a local 
recurrence. This can be performed safely by wide local 
excision for small tumors; however, total mastectomy may 
be necessary for large tumors. Even recurrent benign or 
malignant cystosarcoma can be treated with local excision, 
provided an adequate rim of several centimeters of normal 
surrounding breast tissue can be obtained. Wider excision 
may be necessary for malignant tumors because these are 
more likely to have infiltrating margins and will require 
wider clearance to ensure complete resection. The proper 
management of patients with these lesions demands close 
cooperation between the surgeon and pathologist. 

In practice, a small benign-appearing lesion is usually 
palpated and appears to be similar to a benign classical 
fibroadenoma. After excisional biopsy, the diagnosis of 
benign or malignant cystosarcoma is obtained. Under these 
circumstances, reexcision of the operative site and confir- 
mation of tumor-free margins would ensure adequate 
treatment. Frozen sections may be helpful in determining 
the adequacy of excision at operation. All cystosarcomas 
should be considered low-grade malignant tumors and 
patients should be followed up carefully for recurrence. 

We thank Louis Sperling, MD, PhD (deceased), who provided the impetus 
for our investigation. James Robertson, MD (St John’s Hospital and Health 
Center) and John McGill, MD (Santa Monica Medical Center), provided 


histological material for some of the cases. We also thank Carol Appleton 
for help with the figures. 
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Discussion 


JAMES E. Goopnicut, Jr, MD, PuD, Sacramento, Calif: This 
article makes the strong point that histological criteria for distin- 
guishing benign from malignant cystosarcoma phyllodes may be 
of little assistance in the clinical management of these tumors. To 
illustrate the difficulties faced by Dr Hart and his colleagues in 
trying to characterize this unusual clinical entity, I would present 
the following case. A 42-year-old woman came to'our emergency 
department with an enormous, but painless, left breast tumor 
that had been growing for seven years but more rapidly in the 
months immediately preceding the visit. Clinical features sug- 
gesting cystosarcoma phyllodes were present: shiny skin stretched 
over a large tumor without extensive ulceration, dilated veins on 
the surface, and absence of invasion of the chest wall. There were 
no palpable axillary nodes, and no distant metastatic disease was 
identified. We took her to the operating room to amputate what 
we thought was either a cystosarcoma phyllodes or a very low- 
grade carcinoma. This large tumor was relatively easily removed 
by incising across the base and closing the expanded skin. Our 
resection margins and the chest wall were histologically tumor- 
free. The lesion was indeed cystosarcoma, and we assumed it was 
malignant because of its large size and its rather nasty gross 
appearance, although, as Dr Hart points out, we-had no basis for 
this conclusion. 1 

Our pathologist dutifully sectioned this entire mass and could 
find no features to classify it as a malignant cystosarcoma 
phyllodes. We then drew the encouraging conclusion that the 
relatively long natural history of this tumor, coupled with the ease 
of resection, and its nonmalignant histologic appearance were all 
features defining a benign disease process. Unfortunately, within 
a few months the patient developed pulmonary metastases and 
was dead within a year after metastatic cystosarcoma phyllodes. 

Dr Hart and his colleagues can rest their case. On review, one 
might quibble with the histologic findings in our case, but our 
pathologist was aware of all of the difficulties in characterizing 
these tumors and made every effort to find a malignant component; 
he could not. 

Fortunately, this clinical course is unusual, and the overall 
incidence of metastatic disease and death from cystosarcoma 
phyllodes is no more than 5%. Local recurrence of this tumor is a 
much greater problem and is where the emphasis in treatment 
must lie. 

The authors conclude that histological criteria will distinguish 
giant fibroadenoma, benign cystosarcoma phyllodes, and malig- 
nant eystosarcoma phyllodes. Despite the vagaries illustrated by 
my case, most pathologists would agree. Unfortunately, the 
criteria for making this determination are not uniformly applied. 
Therefore, using the designation benign or malignant to guide 
treatment may be unreliable. That the histological diagnosis was 
changed on review by Dr Hart and his colleagues in 29% of cases 
is illustrative. Moreover, they conclude that clinical characteristics 
and presentation clearly do not make the distinction between 
benign and malignant, with the exception of occurrence of this 
type of tumor in adolescents, particularly young black women. 
Furthermore, they conclude that giant fibroadenomas do not recur 
and should be treated conservatively. 

Benign cystosarcoma phyllodes will recur if incompletely ex- 
cised, but with a clean incision, ie, one with a histologically tumor- 
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free margin, will usually result in cure. Benign lesions do not 
metastasize if they were correctly diagnosed as benign. 

Malignant cystosarcoma phyllodes do metastasize and cause 
death, but only in a minority of patients—25% in some series, and 
8% in this series. And this is the rule: if a tumor that is 
histologically malignant rarely metastasizes, what clinically or 
biologically defines it as malignant? 

Obviously, we need something more than histology. Have the 
authors had any experience or do they anticipate a study charac- 
terizing these lesions as benign or malignant by flow cytometry 
or image analysis and comparing this information with clinical 
behavior? 

In addition, it appears these lesions designated as malignant 
are more aggressive locally and may recur despite a clean histologic 
tumor-free margin excision. 

Hajdu and colleagues, in reporting their series of recurrent 
cystosarcoma phyllodes, observed that the local recurrence rate 
was lower in malignant tumors and attributed this fact to more 
extensive surgical procedures performed for the malignant cys- 
tosarcoma phyllodes. I ask the authors whether we should be 
performing total mastectomies for malignant cystosarcoma phyl- 
lodes? 

WiLLiAM S. FLETCHER, MD, Portland, Ore: This article repre- 
sents a change in thinking that is becoming more common. We 
probably do not need to be as radical as we have been in the past, 
partly because we cannot tell which tumors are benign and which 
are malignant and partly because it does not make much difference 
anyway. If the tumor recurs locally, you can still reexcise it, and 
because of that, we have been excising them locally, not with 
mastectomy, and are continuing to follow up the patients. I will be 
interested to see what happens with this new philosophy. 

THoMas J. Hunt, MD, San Francisco: We have been following 
the suggestions of the authors for some time. Pathologists have a 
serious problem with diagnosing malignancy in cystosarcomas. It 
is like pheochromocytoma. You see a lot of malignant pathologic 
signs, but the tumors do not behave that way. The only sensible 
way to react to this problem, I think, is to excise them locally, 
because recurrence is almost always a local problem. 

JosEPH A. Ignatius, MD, Los Altos, Calif: My sense of the 
literature tends to support what has been said by Dr Hart and 
colleagues. The pathologists can have real problems differentiating 
malignant from benign cystosarcoma; they rely on tumor size, 
invasive borders, cellular stroma, and mitoses, as the authors have 
stressed. 

Regarding management of an individual case, the pitfall to 
avoid, given the degree of possible histological imprecision and 
the typically low-grade invasiveness of this tumor, is overtreat- 
ment. The authors have emphasized important guidelines to assist 
clinical decision making. 

Dr GIULIANO: We attempted to point out the difficulty that the 
practicing surgeon has in dealing with cystosarcoma. Most of us 
see it very rarely, and our pathologists are often confused about 
the diagnosis. What do you do while they are debating benign vs 
malignant? 

While experienced pathologists can distinguish benign from 
malignant cystosarcoma, the behavior of these tumors is much 
the same. They tend to recur locally and rarely metastasize. What 
usually happens is that we excise a lesion we think is a fibroade- 
noma, and three or four days later our pathologists will diagnose 
a cystosarcoma phyllodes. The surgeon will ask if the tumor is 
benign or malignant, and the pathologist will be hesitant to 
answer. I think that at that point the best management would be 
to reexcise the previous biopsy site to be certain there are tumor- 
free margins. 

Dr Goodnight pointed out that Hajdu et al showed a lower local 
recurrence rate for malignant lesions than for benign lesions and 
attributed this to the greater extent of operation for the malignant 
lesions. Should we do total mastectomy for malignant lesions? I 
think not, but we should be aware that malignant lesions tend to 
have an infiltrating border. To obtain a tumor-free margin, you 
may have to resect more widely around a malignant lesion than a 
benign lesion. This study shows the importance of the pathologist's 
role in distinguishing giant fibroadenoma from cystosarcoma 
phyllodes, and in the latter case proving that the surgeon has 
tumor-free margins. 
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Effect of Total Parenteral Nutrition on 


Hepatic Histology 


Bruce M. Wolfe, MD; Brian K. Walker, MD; Donald B. Shaul, MD; Lester Wong, MD; Boris H. Ruebner, MD 


e We evaluated the effect of total parenteral nutrition (TPN) 
on abnormalities of hepatic histology. Liver biopsies of 93 
patients who were concurrently receiving TPN were compared 
with a control group of 35 patients. The control patients were 
matched for extent of preexisting liver disease and degree of 
illness. The liver biopsy specimens were blindly graded on 19 
histopathologic findings, including fatty change, portal in- 
flammation, and cholestasis. Twenty-seven clinical variables, 
such as preexisting liver disease, the presence or absence of 
sepsis or shock, and number of days receiving TPN before 
biopsy, were recorded. Individual and partial correlations were 
established between the clinical variables and histopathologic 
findings. The control and TPN groups proved to have been 
closely matched regarding the extent of risk factors for hepatic 
histopathologic features. Positive correlations were repeat- 
edly found between abnormal hepatic histologic features and 
preexisting liver disease, abdominal sepsis, renal failure, and 
blood transfusion but not with the administration of TPN. We 
conclude that clinical phenomena, such as existing liver 
disease, renal failure, and abdominal sepsis, rather than 
administration of TPN, had a predominant effect on histopath- 
ologic features in this group of patients. 

(Arch Surg 1988;123:1084-1090) 


he provision of total parenteral nutrition (TPN) to 

patients who are unable to be nourished by enteral 
feeding is well established in a wide variety of clinical 
circumstances. An association between the provision of 
TPN and abnormalities of hepatic function and/or structure 
has been recognized, initially in infants,! for many years. 
Early reports described biochemical evidence of hepatic 
dysfunction as well as abnormal hepatic histologic features 
following institution of TPN.?? Specific hepatic histologic 
abnormalities attributed to TPN have most frequently 
consisted of fatty infiltration, cholestasis, and inflamma- 
tion.* Cirrhosis and fatal hepatic decompensation have also 
been reported among three of 60 patients receiving pro- 
longed home TPN.** The authors of these reports have 
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consistently noted that TPN is used in patients who have 
experienced major gastrointestinal (GI) tract disease or 
complications or critical illness that may be responsible for 
alterations of hepatic function or structure. In addition, 
patients with established liver disease may require TPN. 
Fabri et al,” for example, found abnormal hepatic enzyme 
activity in 7096 of patients before they received TPN. To 
our knowledge, no study has been reported in which the 
provision of TPN was withheld on a randomized basis to 
construct a proper control group for determination of the 
role of TPN in the production of hepatic abnormalities. 
The reports of the effects of TPN on the liver have generally 
been based on patient populations requiring TPN for more 
than ten days, an interval beyond which relative starvation 
associated with severe illness is thought to mandate feed- 
ing. In our study an attempt was made to find patients 
who underwent liver biopsy or autopsy and did not receive 
TPN. Patients who had a similar frequency of risk factors 
for hepatic histologic abnormalities as the patients receiv- 
ing TPN were selected to evaluate the role of TPN in 
relation to other factors in the production of abnormal 
hepatic histologic features. 


METHODS 


Sixty-seven patients underwent clinically indicated liver biopsy 
during a course of TPN of at least three days' duration during a 
five-year period. An additional group of patients who underwent 
an autopsy following a course of TPN was identified. All patients 
for whom records and microscopic sections of liver were available 
during this interval were included. The medical records of these 
93 patients were reviewed. Descriptive data were recorded and 
clinical information was coded and recorded to include diagnosis, 
primary treatment, and multiple criteria thought to possibly relate 
to hepatic structure or function (Table 1). A total of 27 variables 
were coded and recorded. Microscopic sections from the liver 
biopsy or autopsy were examined by two pathologists (L.W. and 
B.H.R.) and blindly graded with regard to 19 specific histologic 
criteria to include all hepatic histologic abnormalities that have 
been associated with TPN or liver disease in general. The 
histologic variables and the corresponding scale utilized for re- 
cording results are listed in Table 2. 

To construct a control or comparison group of patients who did 
not receive TPN, the records of patients who underwent liver 
biopsy or autopsy were reviewed with the intent of selecting 
patients for inclusion who had a similar degree of illness or risk of 
hepatic histopathologic features as occurred in the group of 
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Table 1.—Clinical Parameters (Independent or 
Explanatory Variables) 


Descriptive or quantitative data 
Age, sex, weight, height 
Primary diagnosis 
Extent of alcohol intake history 
Operation performed 
Length of hospitalization 
Days of total parenteral nutrition before biopsy 
Mechanical ventilation (days) 
Units of blood transfused 
Ambulatory status 
Liver biopsy (vs autopsy) 

Presence or absence of 
Preexisting liver disease 
Abnormal liver function tests on admission 
Hypotension 
Systemic sepsis 
Abdominal sepsis 

Impaired enterohepatic circulation 

Diabetes 

Glucose intolerance 

Renal failure 

Congestive heart failure 

Fracture 

Significant hematoma 

Potentially hepatotoxic medication 

Total parenteral nutrition 


























patients receiving TPN who had undergone liver biopsy. Factors 
such as history of preexisting liver disease, hypotension, sepsis, 
and degree of alcohol intake were considered. The clinical criteria 
and hepatic histologic features were coded and recorded as in the 
TPN group. The data were then subjected to a computerized 
statistical analysis. 

Descriptive data were numerically scaled for the control and 
TPN groups and expressed as the mean - SD. The means were 
analyzed for statistically significant (P<.05) differences by Stu- 
dents t test. The remainder of the clinical parameters were 
expressed as percent incidence. These groups of patients were 
analyzed using the Pearson x? statistic with a Yates’ correction 
and the ¢ test for independent variables, respectively. The rela- 
tionships of the hepatic histologic parameters (dependent vari- 
ables) to the clinical parameters (independent or explanatory 
variables) were analyzed as follows. The correlation of each 
explanatory variable with each dependent variable was calculated 
and significant correlations (P<.05) were noted. These correla- 
tions are referred to as “individual correlations.” It is therefore 
possible for each clinical (explanatory) variable, such as provision 
of TPN, to correlate with one or more of the 19 histologic 
(dependent) variables. In this analysis, it is possible that the effect 
of a secondary factor would go undetected because its effect would 
be masked by the effect of other, possibly more important factors. 
To expand on this analysis, we performed an additional correlation 
analysis in which a minimal set of explanatory variables was 
constructed. In this analysis, the confounding effect of other 
explanatory factors could be minimized and secondary factors 
should become significant. The results of this analysis are referred 
to as “partial correlations.” It should be noted that no attempt was 
made to control the overall type I error (false-positive findings) of 
this analysis. Therefore, occasional false-positive results should 
be expected (roughly 5% of the findings). 


RESULTS 


The primary diagnoses for the control and TPN groups 
are listed in Table 3. The distribution is generally similar 
between the two groups with primary gastrointestinal (GI) 
tract disease being more frequent in the TPN group 
(obstruction and enterocutaneous fistula) and benign pri- 
mary liver disease as the primary diagnosis more common 
in the control group. Selected descriptive data for variables 
thought to potentially have the greatest impact on hepatic 
histologic features for the two groups are presented in 
Table 4. Statistically significant differences were that the 
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Table 2.—Hepatic Histologic Parameters 
(Dependent Variables) 


Finding Scale 


Fatty change 0-4 

Mallory's hyaline Absent/present, 0-1 

Central hyaline sclerosis Absent/present, 0-1 

Dilatation of sinusoids None/focal or central/diffuse, 0-2 
Cell swelling 0-2 

Cell necrosis Absent/focal/piecemeal/centrilobular, 0-3 
Absent/present, 0-1 


Glycogen nuclei 
Cholestasis 0-4 
Bile duct proliferation 0-2 


Cholangitis Absent/present, 0-1 
Portal inflammation 0-4 

Lobular inflammation 0-2 

Acute inflammation 0-2 

Fibrosis 0-4 

Lipofuscin 0-4 

Pigmented Kupffer's cells Absent/present, 0-1 

Iron pigmentation None-minimal/excessive, 0-1 
Cancer in specimen No/yes, 0-1 





Table 3.—Primary Diagnosis* 


No. (%) of Patients 
by Group 


Control TPN 


Diagnosis (n 2 35) 





*TPN indicates total parenteral nutrition; GI, gastrointestinal. 


TPN patients weighed less and required more days in the 
hospital and more blood transfusions when compared with 
controls. The details of the nutrient intake in the TPN 
group are given in Table 5. The number of days of TPN 
before biopsy or autopsy was variable but indicates the 
predominance of prolonged TPN in patients in this study 
(mean, 55 + 165 days; range, three to 1040 days). Estimated 
energy expenditure was calculated according to the for- 
mula of Long et al* and very closely approximated the total 
energy intake. (Total energy intake in the patients receiv- 
ing TPN was 172.2 +67.2 kJ/kg/d [41 —- 16 kcal/kg/d]; per- 
cent of nonprotein energy provided as fat was 10% + 9%; 
and amino acid intake was 1.2+0.5 g/kg/d.) 

The severity of the hepatic abnormality for each histo- 
logic criterion for both groups of patients is indicated in 
Table 6. Portal inflammation was present in both groups 
but was not severe (1.7 and 1.3 on a scale of 0 to 4 for 
controls and patients receiving TPN, respectively). Fatty 
change and fibrosis were also relatively common. Fibrosis 
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No. of Patients by Group 


Table 4.—Group Characteristics* 











Control Study (TPN) 
Characteristics (n=35) (n=93) 


Age, y 51+22 54+19 
Weight, kg 70+28 59+ 18t 


Alcohol history (0-4)+ 1.3+1.6 1.2+1.5 


Hospitalization, d 23+18 37+ 22t 


Mechanical ventilation, d 8+14 8+13 
No. of units of blood 8+12 12+16f 


*TPN indicates total parenteral nutrition. Data are expressed as mean + SD 
or as percent incidence. 

tP<.05. 

£0 indicates none; 1, occasional alcohol intake; 2, less than 60 mL of 
alcohol consumed per average day; 3, intermittent excess or more than 
60 mL of alcohol consumed per average day; 4, long-term alcohol addiction. 


Table 5.—Nutrient Intake in the TPN Group* 


Nutrient Mean x SD 


73-30 
1.20.5 
517+180 
22+22 

10+9 











Amino acids, g/d 

Amino acids, g/kg/d 

Glucose, g/d 

Fat, g/d 

Nonprotein energy as fat, % 

Nonprotein intake, kJ/g 
(kcal/g) of nitrogen 


638.4 + 264.6 (152+63) 
10109.4+3943.8 (2407 +939) 
172,2+67.2 (41 +16) 


Total, kJ/d (kcal/d) 

Total, kJ/kg/d (kcal/kg/d) 

Estimated expenditure, kJ/d 
(kJ/d) 

Estimated expenditure, 
kJ/kg/d (KJ/kg/d) 

TPN before biopsy, d 


*TPN indicates total parenteral nutrition. 


10050.6 + 2633.4 (2393 + 627) 


172.2 46.2 (41 *11) 
55+ 165 





was more severe in the control group (P<.05), and fatty 
change showed a trend toward being more severe in the 
control group. 

The results of the correlation analyses are expressed as 
a listing of each positive individual and/or partial correla- 
tion of the independent (clinical) variable for the specific 
dependent (histologic) variable. The results for selected 
histologic variables are listed in Table 7. The clinical factors 
that repeatedly correlated with abnormal hepatic histologic 
variables (individual or partial correlation) included abnor- 
mal liver function test results on admission; history of 
previous liver disease; presence of abdominal sepsis, renal 
failure, or hypotension; and history of alcohol intake. 
Administration of TPN showed only one positive correla- 
tion among the 38 possible correlations that might have 
been demonstrated. There was a partial correlation be- 
tween cell necrosis and TPN. No other correlation between 
hepatic histologic features and the administration of TPN 
was found. No correlation or relationship between the 
duration of TPN before biopsy and hepatic histologic 
features was established. 

Two attempts were made to focus the statistical analysis 
on subgroups of patients receiving TPN with lesser degrees 
of preexisting liver disease or known risk factors for hepatic 
histologic abnormality. One of these analyses restricted 
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Table 6.— Severity of Abnormal Hepatic Histologic Groups* 


Severity Score by Group 
fe 


Control TPN 
Parameters (n=35) (n=93) 


Fatty change 1.2+1.4 0.8+1.1 
Dilation sinusoids 0.2+0.7 0.2+0.5 
Hepatocyte swelling 0.1+0.5 0.2+0.5 











Hepatocyte necrosis 0.1+0.5 0.4+0.8 
Glycogen nuclei 0.1+0.4 0.1+0 
Cholestasis 0.6+1.2 0.7+1.3 
Bile duct proliferation 0.3+0.6 0.3+0.7 
Portal inflammation 1.7+0.9 1.31.1 
Lobular inflammation 0.3+0.6 0.3+0.5 
Acute inflammation 0.5 x 0.7 0.33 0.7 
Fibrosis 1.7 * 0.9 1.0 1.5f 








0.2 —- 0.4 0.1+0.3 


*TPN indicates total parenteral nutrition. Data are expressed as 
mean + SD. 
tP<.05. 


Iron pigmentation 








Table 7.—Correlations of Histologic Features With Clinical 
Parameters* 


Partial 
Correlations 


ETOH, IEHC, AS, 
RF 


Individual 
Correlations 


PLD, LFT, ETOH, AS, 
BP, RF, NA 


Lobular inflammation LFT, AS LFT,E,S 


Portal inflammation PLD, LFT PLD, LFT, ENT, E, 
BLD 


FIST, PLD, LFT, ETOH, PLD, LFT, BLD 
S, RF, NA 


LFT, Gl, AS, BLD, BP, 
RF, NA 


PLD, LFT, RF, NA PLD, LFT, NA 
LFT, AS, BP, RF BP, TPN 


*PLD indicates previous liver disease; LFT, elevated liver function test 
results on admission; ETOH, positive alcohol history; AS, abdominal sepsis; 
BP, hypotension; RF, renal failure; NA, nonambulatory; IEHC, impaired 
enterohepatic circulation; E, enflurane given; S, sepsis; ENT, enterotomy; 
BLD, transfusions required; FIST, fistula; GI, glucose intolerance; and TPN, 
total parenteral nutrition. 


Histologic 
Parameter 


Fatty changes 


Fibrosis 
Cholestasis LFT, BLD 


Bile duct perforation 
Cell necrosis 





the study to patients without (1) a history of alcohol abuse, 
(2) abnormal liver function test results on admission, (3) 
liver metastases, or (4) known preexisting liver disease. 
This restriction created a subgroup of 23 of the original 93 
patients. Within this subgroup, no positive correlations 
were established between the administration of TPN and 
any hepatic histologic variable. 

A second subgroup of 16 of the original 93 patients 
receiving TPN was created, involving more restrictions 
that eliminated infants (n=4) and those patients with (1) 
preexisting liver disease, (2) abnormal liver function study 
results on admission, (3) liver metastases, (4) abdominal 
sepsis, (5) hypotension, (6) renal failure, or (7) moderate 
to severe alcohol intake. Thus, all of the factors that 
correlated most often with abnormal hepatic histologic 
features were eliminated from this subgroup that consisted 
of 16 patients. Comparison with the control group could 
not be done, as only three control patients met these 
criteria. Descriptive data of the hepatic histologic features 
in these 16 patients showed fatty change of 10% to 30% in 
three patients, minimal portal inflammation in nine pa- 
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tients, and pigmented Kupffer’s cells and fibrosis in one 
patient each. No patient in this group showed any degree 
of cholestasis, bile duct proliferation, or lobular inflamma- 
tion. Review of the primary diagnosis or treatment in this 
subgroup, designed to eliminate risk factors for liver 
damage, showed that this risk could not be excluded even 
for these patients. All 16 patients underwent major oper- 
ative procedures, most involving the GI tract. The patient 
whose biopsy specimen showed fibrosis underwent preop- 
erative TPN before reversal of an intestinal bypass, a 
known cause of hepatic fibrosis.* The difficulty in identify- 
ing patients with no risk factors for liver disease who are 
receiving TPN is further demonstrated. 


COMMENT 


The purpose of this study was to attempt to determine 
the extent to which existing conditions or factors in the 
patients who received TPN were responsible for the ob- 
served histopathologic features as opposed to the TPN 
infusion itself. Several considerations make this determi- 
nation difficult. Liver function and histologic abnormalities 
are known to occur in patients experiencing conditions 
such as preexisting liver disease, malnutrition, shock, and 
sepsis; TPN is not used in patients who do not have 
associated or primary diseases or conditions. None of the 
histologie abnormalities reportedly associated with TPN 
infusion is specific to TPN. The conduct of a randomized 
study in which patients who become untreated controls on 
a randomized basis after selection to receive TPN would 
be ideal for sorting out the role of TPN in the production 
of abnormal liver function and/or structure. To our knowl- 
edge, such a randomized study has not been reported. 
Randomization was not conducted in this investigation due 
to the expectation that death due to starvation would occur 
in some patients if the study were conducted over the 
interval of TPN that we reported (mean, 55 days). Total 
parenteral nutrition could be withheld reasonably for a 
matter of days, but a study of such short duration would 
not be expected to manifest the reported effects of TPN 
on the liver. We are therefore left with the challenge of 
construction of a control or comparison group in a nonran- 
domized fashion. We chose the approach of matching risk 
factors for hepatic disease. Normal controls would not be 
satisfactory, as they would not have had primary conditions 
associated with hepatic histologic abnormalities. Patients 
with similar diagnoses not treated with TPN on a nonran- 
domized basis would also be unsatisfactory for comparison, 
as in our practice such patients would uniformly have a 
lesser severity of disease than would patients with the 
same diagnosis who require TPN. The selection process 
used in this study resulted in fewer patients with primary 
GI tract disease in the control than in the TPN group. The 
comparison of the degree of illness factors among the two 
groups shows that the degree of illness among the groups 
was generally very similar. The risk factors for existing 
liver disease showed similar frequencies and no significant 
differences. These factors, for which the groups were 
closely matched, are the very factors that most often were 
correlated with hepatic abnormality We conclude that 
under the circumstances, the control group used in this 
study is the most appropriate available and the most valid. 

To our knowledge, the only other study on this subject 
in which human controls not receiving TPN were studied 
was reported by Kaminski et al,'^ who compared normal 
controls (patients who underwent cholecystectomy), pa- 
tients with and without infection receiving TPN, and 
patients with infection not receiving TPN. In our practice, 
patients without infection who were receiving TPN would 
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either have experienced a shorter interval of illness before 
biopsy or would have been less seriously ill than patients 
with infection who were receiving TPN. Other studies have 
used control groups to vary components or dose of TPN,*' 
but we are unaware of other controlled studies of the effect 
of TPN on hepatic histologic features. 

The statistical analytical approach used in this study 
consisted of comparison of the control and TPN groups for 
statistical differences and comparison of the severity of 
abnormalities of hepatic histologic variables between the 
controls and patients receiving TPN. Fibrosis proved to 
account for the only statistically significant difference, 
being more severe in the control group. An extensive series 
of correlation analyses was then done to evaluate factors 
associated with abnormal hepatic histologic features. One 
of the many clinical variables included in this analysis was 
the provision (or not) of TPN. The individual correlations 
showed no correlation between TPN infusion and any 
histologie variable. The partial correlation analysis was 
performed to evaluate the possibility that a confounding 
factor(s) had masked a significant individual correlation as 
well as to attempt to sort out specific variables that account 
for correlation of other dependent variables. For example, 
preexisting liver disease might mask detection of altera- 
tions in hepatic histologic features caused by the subse- 
quent administration of TPN. Alternatively, the correlation 
of preexisting liver disease to fatty change might simply 
represent a correlation between alcohol intake and fatty 
change. This analysis did result in certain focusing of these 
relationships but did not alter the pattern of individual 
correlations. In both the individual and partial correlation 
analyses, the variables of the degree of illness and preex- 
isting liver disease repeatedly correlated with hepatic 
abnormality, unlike the variables *administration of TPN" 
and *days of TPN before biopsy" The single exception was 
the positive partial correlation between TPN and cell 
necrosis. This single positive correlation among 38 possible 
correlations is well within the incidence of false-positive 
correlations expected (type I statistical error) if statistical 
significance for P<.05 is accepted.” While it remains 
possible that TPN is associated with hepatic cellular 
necrosis, cell necrosis has not been consistently included 
among the hepatic abnormalities thought by other authors 
to be induced by TPN. We conclude that this single positive 
correlation does not alter our finding that preexisting liver 
disease and the degree of illness, but not the provision of 
TPN, had a predominant effect on hepatic histopathologic 
features in the patient population who received TPN at the 
University of California, Davis, Medical Center, Sacra- 
mento. 

This predominance does not exclude the possibility that 
patients may experience induction of hepatic dysfunction 
and/or abnormal histologic findings secondary to TPN 
administration. The hepatic histologic abnormalities that 
have most frequently been associated with TPN adminis- 
tration are cholestasis, fatty change, portal inflammation 
or triaditis, bile duct proliferation, and fibrosis.?*'? New- 
borns and infants, particularly if they are of low birth 
weight, appear to be at increased risk for such changes, 
especially cholestasis, and were essentially not examined 
in this study (only four of 93 patients). 

Cholestasis was not seen in any of the 16 patients in the 
subgroup excluding newborns and those patients with 
preexisting liver disease, shock, and/or sepsis. The lack of 
a correlation of cholestasis with TPN administration and 
its absence in this subgroup of patients clearly indieates 
that cholestasis cannot be attributed to TPN by this study. 
Other authors have noted the potential for other clinical 
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phenomena to cause cholestasis in patients who receive 
TPN, including alcoholic hepatitis and lack of enteral 
feeding. It is essential that a lack of enteral feeding not 
be confused with direct hepatotoxicity from infusion of 
TPN solutions. Shock and sepsis may also induce histologic 
findings of cholestasis and associated clinical jaundice in 
adults. 161” 

Accumulation of fat in hepatocytes has also been attrib- 
uted to TPN. Increased liver fat is seen in humans in a 
wide variety of conditions, including obesity, fatty acid 
deficiency, protein deficiency, kwashiorkor, diabetes, alco- 
holism, and infections. Kaminski et al? demonstrated 
that the intravenous route for nutrients led to accumulation 
of hepatic triglyceride in rats. In the same report, nutrient 
intake in excess of energy expenditure was provided in the 
TPN of patients who developed fatty livers. Limitations to 
the oxidation of glucose in stressed patients led to pre- 
sumed hepatic lipogenesis.” Increased hepatic acetyl co- 
 . enzyme A carboxylase and fatty acid synthetase levels in 
patients with infections who are receiving TPN suggests 
that hepatic production of triglyceride is accelerated.” It 
has been further suggested that synthesis of very low 
density lipoprotein for export of hepatic triglyceride does 
not accelerate at a rate sufficient to avoid hepatic fat 
accumulation,“ but data on this point are not convincing, 
as very low density lipoprotein synthesis is increased by 
sepsis. Specific evidence that overfeeding of nonprotein 
energy produces accumulation of hepatic lipid was verified 
in a recent study in rats by Keim,” who found the provision 
of the nonprotein energy level to be the predominant 
effector of liver lipid content. The lack of a correlation 
between fatty change and TPN presumably reflects the 
limitation of total energy intake to estimated energy 
expenditure, avoidance of fatty acid deficiency, and provi- 


sion of an optimal nonprotein energy-to-nitrogen ratio for 
this series of patients. 

Portal inflammation or triaditis is another histologic 
finding frequently attributed to TPN.‘ Positive correla- 
tions with portal inflammation in this study occurred with 
the variables of existing liver disease, operative bowel 
resection, administration of enflurane (halogenated anes- 
thetic agent), and the number of units of blood transfused, 
but not with the administration of TPN. Primary causes 
of portal inflammation may include inflammatory bowel 
disease, abdominal sepsis, and septicemia.™ Once again, 
we were unable to attribute the hepatic abnormality, portal 
inflammation in this case, to TPN because the abnormality 
is a nonspecific finding that is very common in patients 
who undergo liver biopsy or receive TPN. 

Bile duct proliferation is another hepatic abnormality 
that has been attributed to TPN. Bile duct proliferation 
was less marked in this study, possibly secondary to the 
small number of patients with inflammatory bowel disease 
in either group compared with most reports in the litera- 
ture.!55 

Fibrosis, particularly that which progresses to hepatic 
failure, is distinetly uncommon but not rare among patients 
receiving long-term TPN and has been seen in our own 
and others' series of patients receiving permanent home 
TPN.»* The cause(s) of this progressive liver disease 
remains unknown and may well be related to the infusion 
of TPN solutions.*^^ The issue of hepatic fibrosis in 
patients receiving permanent home TPN is not examined 
by this study. 


This study was supported by National Institutes of Health (Bethesda, 
Md) grant DK 35747-03. 
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Discussion 


MARSHALL J. ORLOFF, MD, San Diego: This report concerns a 
subject in which I have had a keen interest since it was developed 
by one of my mentors, Jonathan Rhoads, and by my former 
student, Stanley Dudrick, some 25 years ago. I am very proud of 
the development of TPN because I think that it is one of a small 
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number of really great advances of this past quarter century and 
it has had a tremendous influence on the morbidity and mortality 
of disease. Moreover, it is widely used not just by surgeons who 
developed it but by all specialties in medicine. 

There is much in the literature and overwhelming evidence to 
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show that TPN produces hepatic dysfunction and liver damage in 
a substantial percentage of patients, particularly those who 
receive TPN for three weeks or more. The problem was first 
recognized almost two decades ago in premature infants receiving 
TPN, 80% of whom developed liver dysfunction if they received 
TPN for 60 days or more and 90% of whom developed it if they 
received this therapy for 90 days. 

In adults receiving short-term TPN lasting from a few days to 
three months, serial liver biopsies have shown a substantial 
incidence of three lesions: cholestasis, fatty infiltration, and 
inflammation of the portal tracts, so-called triaditis, none of which 
were present before the patients received TPN. In addition, there 
has been a well-documented increased incidence of gallstones in 
patients receiving TPN. These pathologic lesions have been 
accompanied by abnormal liver function test results, particularly 
elevations of alkaline phosphatase, transaminase, and bilirubin 
levels. 

In patients receiving long-term TPN (longer than six months), 
particularly those receiving home hyperalimentation, there has 
` been a small but worrisome incidence of serious liver lesions, such 
as steatonecrosis, and some patients have developed cirrhosis that 
in my estimation has been clearly related to the administration of 
TPN. I think it has been widely accepted that there are significant 
risks of serious, even fatal, liver disease. This liver disease has 
been documented in patients receiving TPN who have no other 
reasons for having liver damage. Therefore, I believe that the 
evidence that TPN causes liver damage is incontrovertible. 

It is also well known that patients who do not receive TPN but 
who have serious illnesses develop liver damage. Hepatic lesions 
have been demonstrated to occur in patients experiencing shock, 
burns, severe multisystem trauma, and hemorrhage, so when such 
patients also receive TPN, it is hard to pinpoint the cause of the 
liver damage or liver dysfunction. I think it makes sense to assume 
that the combination of two known causes of liver damage, such 
as sepsis and TPN, increases the risk of developing liver disease. 

In light of this evidence, the authors have done a study and 
concluded that TPN does not affect liver histologic features and 
that other clinical phenomena, such as abdominal sepsis and renal 


, failure, are the main causes of liver abnormalities. This is a rather 


startling conclusion; the likely explanation lies entirely in the 
design of the study rather than in the conclusions that were 
reached. 

First, the study was a retrospective chart review, and most such 
studies have limited value. One has to obtain some information by 
other means, and that is just one of the many shortcomings of 
retrospective reviews. The authors correctly point out that it is 
very difficult to conduct a prospective, randomized clinical trial 
about TPN and did the best they could. However, I have consid- 
erable doubts that the retrospective approach is scientifically 
valid. 

Second, the attempt to create a so-called control group of 
patients who did not receive TPN from a retrospective review of 
medical records is highly questionable. This so-called control 
group was clearly different from the TPN group. For example, 
there were only 35 patients in the control group vs 93 patients in 
the TPN group; 20% of the controls were admitted to the hospital 
because of a primary diagnosis of liver disease vs 5% in the TPN 
group; 26% of the controls had preexisting liver disease vs 16% of 
the TPN group; the average number of blood transfusions was 12 
in the TPN group vs eight in the control group; and the average 
length of hospital stay was 23 days in the control group vs 37 days 
in the TPN group. These are only some of the differences. I 
suspect that there are many more differences that could not be 
uncovered by a retrospective chart review. 

Third, both groups of patients were very heterogeneous. For 
example, they ranged from infants to senior citizens and the 
duration of TPN ranged from three days to three years. As a 
result, the SDs were very large in all of the calculations. Under 
such cireumstances, it is impossible to demonstrate statistical 
significance between two groups, and I doubt that it is appropriate 
to use the statistical methods, no matter how elaborate these 
methods are, to compare such groups. 

Finally the conclusions are based on a single liver biopsy 
performed in all patients at operation or autopsy. Needless to say, 
it would have been more meaningful to have done serial liver 
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biopsies and to have considered only those patients who had 
clinical hepatie dysfunction during the course of TPN, but that 
was not possible to do by the retrospective method of the study. 

The authors' conclusions are certainly provocative, but try as I 
may, I am unable to accept them. Unless they can provide more 
convincing data, I have to maintain, on the basis of a large amount 
of evidence obtained by others, that until proved otherwise TPN 
causes hepatic dysfunction and liver damage in some patients. 

Henry A. Pirt, MD, Baltimore: Many factors other than TPN 
can cause abnormal liver function and liver biopsy specimens in 
patients receiving long-term TPN. However, overwhelming evi- 
dence suggests that TPN can contribute to the liver abnormalities 
seen in these patients. An additional fact that supports this thesis 
is that TPN can cause abnormal liver function and biopsy speci- 
mens in animals. In many of the early animal experiments, these 
liver abnormalities were induced by an excess or an imbalance of 
nonprotein energy. More recently, we have produced both steatosis 
and abnormal liver function tests in prairie dogs receiving TPN, 
despite the fact that they were receiving an appropriate amount 
and balance of nonprotein energy. 

How many patients had associated biliary tract disease? Did 
any patients with preexisting hepatic abnormalities, sepsis, trans- 
fusions, etc, have gallstones before the initiation of TPN or develop 
biliary sludge while receiving TPN? The patients in this study 
were receiving TPN for an average of 55 days. Data from other 
studies suggest that essentially all patients receiving TPN for 
that length of time will develop biliary sludge. If the gallbladder 
is stimulated these patients may pass some of their sludge and 
develop liver function abnormalities. Therefore, it would be of 
interest to know which of your patients may have had preexisting 
biliary tract disease or may have developed biliary sludge while 
receiving TPN. 

STEPHEN MICHEL, MD, Los Angeles: More than ten years ago, 
we did a study of routine liver biopsy accomplished during upper 
abdominal surgery to see what the yield was of hepatic histologic 
abnormalities, irrespective of the cause. 

Our data indicated that more than one third of the patients had 
histologic abnormalities on study of their liver tissue, but TPN 
could not be singled out as a specific indicator of that likelihood. 
In fact, the leading disorder was biliary tract disease, usually 
associated with inflammatory diseases of the gallbladder. Essen- 
tially, none of the cases yielded histologic findings that were 
clinically relevant, and we did not choose to pursue that study. 

Since that time, our institution has established a multidiscipli- 
nary metabolic support team that has undertaken routine study 
and audit of all inpatients receiving TPN. We have found a 
significant number of such patients receiving greater than 15% in 
excess of their predicted energy need, suggesting that there may, 
in fact, be a subset of patients at risk for the development of 
hepatic pathophysiologic abnormalities. 

The authors seem to have limited their patients’ lipid intake not 
to exceed 10%. Could they comment as to whether they would 
Suggest increasing the amount of lipid in the TPN. Finally, as 
noted by Dr Orloff, we also have the feeling that TPN does not 
result in liver disease per se but rather that TPN usage is a 
predictor of a high-risk, quite ill population of surgical patients, 
which thus suggests that some hepatic abnormalities may be 
noted. 

FRANK R. Lewis, MD, San Francisco: The total energy intake rel- 
ative to energy needs is perhaps the primary determinant in produc- 
tion of liver abnormality among patients receiving TPN. George 
Sheldon's? original work showed that in the early days of TPN there 
tended to be a belief that more is better, so patients were com- 
monly given 16800 to 21000 kJ/d (4000 to 5000 keal/d) even 
when their needs were in the range of 8400 kJ/d (2000 kcal/d). 
Sheldon believed that the overfeeding was the principal cause of 
the fatty changes in the liver and the resultant cholestasis. 

In this report, energy needs were very closely matched to 
energy demands and, therefore, patients were not overfed in the 
way that was done in the early days. I question whether overfeed- 
ing, as was done and documented in many of the earlier reports, 
is not perhaps the primary determinant. Certainly, the problem of 
case selection is another one, since, as Dr Orloff pointed out, 
sepsis does commonly produce hepatic dysfunction and would be 
hard to distinguish in patients who also are receiving hyperali- 
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mentation. 

Tuomas K. Hunt, MD, San Francisco: In listening to Dr Orloff’s 
litany of all the terrible things that can happen with TPN, I did 
not hear anything that could not be produced by an excessive or 
unbalanced oral diet carried on for 55 days. I doubt if there is 
anything really unique about TPN, with the single exception that 
it does bypass the normal endocrinology of the gut. 

It is increasingly obvious that overfeeding is the major problem. 
You kept your caloric supply matched to expenditure in the 
10500-kJ region. Did you maintain a fixed energy-nitrogen ratio, 
or are you flexible. Do you think you can be flexible in terms of 
energy needs vs protein needs? My impression is that the harmful 
aspects of overfeeding stem from excess glucose and possibly fat. 

Morton M. WooLLEv, MD, Los Angeles: The premise of your 
report is that TPN is not necessarily the culprit in producing 
abnormal liver function and architecture, Unless you consider the 
neonatal liver to be abnormal, it is very clear that TPN produces 
significant liver disease, which in some neonates becomes irrever- 
sible. The process can be interrupted with adequate enteral 
feedings. The enteral feeding of formula appears to protect the 
liver from the hepatopathy induced by TPN. 

If the rat is offered the TPN formula by the oral route, he will 
eat it voraciously because it is sweet and will develop the same 
liver disease as the human infant receiving TPN. The oral route 
of ingestion of the TPN fluid therefore does not protect the rat 
from the hepatopathy. It would therefore appear that something 
in the TPN solution is either toxic or inadequate in terms of 
preventing the production of liver disease. 

Perhaps there is a common yet unidentified deficit in the adult 
patients referred to in this report that is common to the disease 
process as well as to patients who are receiving TPN. I look 
forward to the subsequent studies by the authors. 

Dr Wo re: We have no doubt that patients who receive TPN 
have abnormal livers. The problem is that the hepatic histologic 
abnormalities that have been attributed to TPN are not specific 
to TPN. These findings (fibrosis, cholestasis, and inflammation) 
are known to occur in patients who do not receive TPN. The 
challenge is to sort out the effect of the TPN itself from the 
disease process that leads to the necessity for TPN. A randomized 
study would be ideal, but is impossible, as discussed in the report. 
The best we could do was to come up with a population of patients 
who had a similar degree of risk factors for abnormal liver 
histologie features for comparison. While the groups are not 
identical, the extent of risk for hepatic disease proved to be well 
matched. For example, objective studies of hepatic dysfunction at 
the time of admission showed no statistical difference between the 
control and study groups. 

To further examine this problem of the associated diseases and 
the production of liver abnormalities, we identified a subgroup of 
patients who did not have sepsis, shock, and other determinants 
of liver disease. In this subgroup, none had any degree of 
cholestasis, but there was some mild fatty change among these 
patients. We recognize that our findings and conclusions do not 
agree with several other reports on the subject that have previ- 
ously been published. In response to the unexpected results of 
this study, we have systematically analyzed all available literature 
on the effects of TPN on hepatic histologic features in adults and 
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have found no article that has excluded associated clinical condi- 
tions as a cause of liver disease associated with the administration 
of TPN. Analysis of a subgroup that underwent serial liver biopsies 
did not alter the findings of the study, and increasing the number 
of patients in either group cannot be statistically predicted to 
affect the outcome. We conclude that our control or comparison 
group is valid and that hepatic histopathologic features in patients 
receiving TPN are a function of preexisting liver disease or the 
degree of illness rather than the administration of TPN. 

Dr Pitt points out that the animal studies have demonstrated 
hepatic abnormalities. The problem with the animal models is that 
the rat has been the most commonly used, and TPN applied to a 
rat is a stress model. The incidence of infection in rats receiving 
TPN is high, higher energy intake must be provided, and long- 
term survival in rats receiving TPN is difficult to accomplish. 
Thus, we have trouble getting away from other causes of hepatic 
abnormality, even in the experimental models. We look forward to 
seeing the data in prairie dogs. 

Dr Pitt and his colleagues have pointed out the association of 
the development of gallstones with TPN. No patient in this study 
had a clinical diagnosis of choledocholithiasis made at the time of 
operation or autopsy, so it is our conclusion that clinically signifi- 
cant biliary tract disease was not a cause for hepatic abnormality 
in this series of patients. Routine abdominal ultrasonography was 
not done, so we are unable to provide data regarding the incidence 
of gallstones or sludge. 

We were very careful in the presentation and in the report to 
point out the details of how we have administered TPN in our 
program, because this is clearly a factor in whether one is going 
to induce hepatic injury. The question of the percent of energy as 
fat was raised by Dr Michel. There is evidence that increasing 
amounts of fat are associated with cholestasis, and for this reason, 
we have limited the amount of fat. We do not subscribe to the 
theory that a high-fat diet will reduce hepatic injury, and it may 
be that had we used more fat, as some programs do, we would 
have seen more identifiable hepatic abnormalities among the pa- 
tients receiving TPN. The mean energy-nitrogen ratio was 152:1. 

Dr Lewis also commented on overfeeding. I have no doubt that 
in normal humans as well as in animals it is possible to injure the 
liver by overfeeding any of the components of TPN. 

Dr Hunt has pointed out that gut endocrinologic features are 
altered among patients who require TPN. This has an impact on 
bile production and flow in addition to biliary tract motility. These 
patients are fed parenterally because they are unable to eat or be 
fed by tube, so it becomes, again, impossible to sort out whether 
the changes in gut endocrinologic features, as opposed to a specific 
constituent of the feeding, may be responsible for the hepatic 
histologic abnormalities. 

Dr Woolley discussed the problem of the neonate. The neonate 
appears to be susceptible to hepatic damage during TPN. The 
potential for the components of the TPN solutions to affect 
neonates differently from adults is real. As an example, taurine is 
an essential amino acid for neonates but not for adults. Immature 
metabolie systems as well as specific nutrient requirements and 
stresses of the premature state may all contribute to the fact that 
the problem is more severe in neonates. 
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Surgical Resection for 


Metastatic Melanoma to the Lung 


Jan H. Wong, MD; David M. Euhus, MD; Donald L. Morton, MD 


e From 1971 through December 1986, the courses of 47 
patients who underwent thoracotomy for pulmonary metas- 
tases from melanoma were retrospectively reviewed to deter- 
mine the efficacy of this approach in the management of 
selected patients with melanoma. The overall five-year sur- 
vival rate was 25% (median survival, 19 months). Thirty-eight 
patients were free of disease following thoracotomy. These 
patients fared significantly better than those who had residual 
disease following thoracotomy, with a five-year survival rate 
of 31% (median survival, 24 months) compared with 0% 
(median survival, six months). Survival was not influenced by 
the addition of adjuvant therapy or duration of time before the 
development of metastases (<12 months vs =12 months). In 
selected patients with melanoma metastatic to the lung, 
thoracotomy with complete excision of the metastatic depos- 
its results in improved survival and should be considered the 
treatment of choice. 

(Arch Surg 1988;123:1091-1095) 


A notable characteristic of melanoma is its unpredicta- 
ble nature. Patients with melanoma, in addition to 
having a relatively high incidence of spontaneous regres- 
sion, may enjoy prolonged intervals between resection of 
the primary tumor and the development of metastatic 
disease. It is evident clinically and has been confirmed by 
autopsy studies, however, that when melanoma metasta- 
sizes, it most commonly spreads widely and involves 
essentially all organ systems. 

When distant metastases develop in patients with mel- 
anoma, the outlook for prolonged survival is poor. Due to 
the usual widespread nature of metastatic melanoma, the 
standard therapy is generally considered to be systemic 
chemotherapy. Although isolated patients appear to derive 
some benefit from this approach, the overall response rate 
is low,” and the median survival is only four to six months. 
Surgical intervention in this setting is viewed with justifi- 
able concern. If it is considered, surgical resection for 
metastatic melanoma is generally restricted to procedures 
that relieve symptoms, such as bleeding or obstruction 
from intussusception in gastrointestinal metastases, or 
procedures that remove symptomatie, solitary brain me- 
tastases.^* Resection of visceral metastases is widely 
believed to offer no survival benefit. A number of reports, 
however, have suggested that selected patients with met- 
astatic melanoma achieve not only substantial palliation of 
symptoms but also some survival benefit following surgical 
resection for recurrent metastatic melanoma.*:: 

Pulmonary metastases represent one of the most com- 
mon metastatic sites of involvement by melanoma.:2: It 
has become apparent that an aggressive surgical approach 
in the management of pulmonary metastases saves some 
patients with sarcomas and carcinomas. Unlike sarco- 
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mas, in which metastases tend to localize in the lungs, 
isolated pulmonary metastases from melanoma are a rela- 
tively infrequent occurrence. The role of surgery in this 
clinieal setting remains unclear and controversial. Since 
the vast majority of these patients are asymptomatic, 
improvement in survival is needed to justify a surgical 
approach for melanoma that is metastatic to the lung. The 
present study reports our experience in the management 
of pulmonary metastases from melanoma to determine the 
effieacy of pulmonary resection in the management of 
metastatic melanoma that is confined to the lung at initial 
presentation. 


PATIENTS AND METHODS 


From 1971 through December 1986, 4011 patients with mela- 
noma were treated in the John Wayne Cancer Clinic at UCLA. 
Approximately 2596 of these patients had disease that had pro- 
gressed to nonregional metastatic sites. Of these, 47 patients 
underwent 48 thoracotomies for resection of metastatic melanoma 
to the lung. All patients with the known diagnosis of melanoma 
underwent a complete preoperative workup before evaluation. 
Eight patients presented with a solitary pulmonary nodule from 
an unknown primary site. There were 21 women and 26 men who 
ranged in age from 23 to 73 years (median, 50 years). Twenty-nine 
patients received either adjuvant chemotherapy (dacarbazine) or 
adjuvant immunotherapy (bacille calmette Guérin [BCG]). Most 
patients who had recurrences following pulmonary resection 
received dacarbazine or dacarbazine-based chemotherapy at some 
time during their disease. 

The method of Kaplan and Meier" was utilized to calculate 
survival curves; the survival rate was calculated from the time of 
diagnosis of metastases. Significant differences between survival 
curves were determined by a generalized Savage test (Mantel- 
Cox). 

Since 1985, a standard approach to the management of appar- 
ently isolated pulmonary metastases from melanoma has been 
undertaken at the John Wayne Cancer Clinic. Patients who have a 
recurrence in the lung undergo a complete evaluation, including 
computed tomographic scans of the brain, lung, and abdomen, and 
are initially treated with an allogeneic melanoma-cell vaccine. The 
vaccine consists of three irradiated melanoma cell lines known to 
have high cell-surface expression of the melanoma-associated 
antigens GD2, GM2, melanoma tumor-associated antigen, fetal 
antigen, and urinary tumor-associated antigen, which have been 
isolated and characterized in our laboratory. The rate of growth of 
the metastatic lesion(s) is determined. This can be directly 
caleulated from standard posteroanterior chest roentgenograms. 
The method of calculating the tumor doubling time (TDT) has 
previously been described?! and essentially involves the plotting 
of changes in the average diameter of the metastatic nodule in two 
perpendicular dimensions from successive roentgenograms on 
semilogarithmic paper (Fig 1). The slope of the line, representing 
tumor growth, is utilized to calculate the TDT in days. Patients 
with a TDT greater than 40 days are considered candidates for 
resection of the pulmonary metastases. 


RESULTS 
Surgical Treatment 


Eight patients underwent thoracotomy for a solitary 
pulmonary nodule in the absence of a known primary 
melanoma, while the remaining 39 patients underwent 
thoracotomy for disease that had recurred from seven 
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Fig 1.— Tumor doubling time of patient 4. Two lesions were followed 
up. Initiation of immunotherapy, consisting of allogeneic melanoma- 
cell vaccine with well-defined cell-surface melanoma-associated 
antigens, resulted in increase in tumor doubling time from 75 to 
177 days. 


months to 23 years (median, 50 months) after the original 
diagnosis. Indieations for surgery were individualized but 
essentially were either for diagnosis or therapy. An ag- 
gressive surgical approach was generally offered to rela- 
tively young patients or to those with a prolonged interval 
free of disease. Only one patient underwent a second 
thoracotomy, following a recurrence in the lung 22 months 
following initial resection, and only three other patients 
had recurrences in the lung. Ten patients underwent 
resection of metastases from other sites (four in the 
gastrointestinal tract, four in the brain, and two in subcu- 
taneous tissue). Only nine patients had disease that could 
not be completely resected at the time of thoracotomy, 
generally because of mediastinal node involvement recog- 
nized only at the time of exploration. There were no 
operative complications or deaths. 


Survival 


The overall five-year survival rate was 25%. The median 
survival for all patients was 19 months. However, the five- 
year actuarial survival rate of patients rendered free of 
disease was 31.6%. In contrast, there were no five-year 
survivors among patients in whom the disease could not 
be controlled surgically. Patients who were rendered free 
of disease at the time of thoracotomy had a median survival 
of 24 months, while those with recognized residual disease 
following surgery had a median survival of only six months. 
The difference is highly significant (P<.00001, Fig 2). One 
patient rendered free of disease was alive with disease 13 
years following pulmonary resection, and two patients 
were alive without evidence of recurrent disease after nine 
and seven years, respectively. 

Twenty-nine patients received adjuvant therapy, which 
in most instances consisted of BCG but in seven patients 
involved dacarbazine. The addition of adjuvant therapy did 
not appear to influence the outcome (Fig 3). The five-year 
survival rate for patients receiving adjuvant therapy was 
28% compared with 22% for those not receiving adjuvant 
therapy (P = .45). 

In ten patients, including eight who presented with 
pulmonary metastases from an unknown primary mela- 
noma, advanced melanoma developed less than 12 months 
following diagnosis. Although it has been suggested that a 
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Fig 2.—Actuarial survival of patients undergoing thoracotomy for 
pulmonary metastases from melanoma. Median survival of patients 
rendered free of disease (solid line) was 24 months; median 
survival was only six months in patients in whom disease was not 
completely removed (broken line, P<.00001). Five-year survival 
rate was 31% for those rendered free of disease. There were no 
five-year survivors among patients in whom all disease could not 
be surgically resected. 


prolonged disease-free interval might be associated with 
an improved outcome, our experience does not support this 
belief. There was no significant difference between patients 
with relatively short disease-free intervals («12 months) 
and patients with prolonged disease-free intervals (=12 
months, P =.41, Fig 4). 


TDT as an Indicator for Pulmonary Resection 


The Table summarizes the outcome of patients who 
presented with isolated pulmonary metastases from mel- 
anomas that were evaluated for surgery utilizing the TDT 
as an indicator for pulmonary resection. At this writing, 
eight patients had undergone thoracotomy for resection of 
their pulmonary metastases. The TDT ranged from 42 to 
longer than 380 days. Four patients remained free of 
disease, one patient was alive with disease two years 
following pulmonary resection, and three patients had 
recurrences and died. In contrast, four patients who 
initially presented with isolated pulmonary metastases had 
TDTs that ranged from 25 to 45 days. These patients did 
not undergo thoracotomy, and extensive metastatic disease 
developed in all of them. 


COMMENT 


The majority of patients with disseminated melanoma 
have disease that involves multiple organs. However, there 
is a subset of patients in whom metastatic disease initially 
appears to be confined to the lung. Our results demonstrate 
that in selected patients with metastases from melanoma 
limited to the pulmonary parenchyma, complete surgical 
excision of the metastatic deposits can be carried out 
safely, resulting in improved survival, and, in certain 
instances, prolonged survival and even apparent cure. In 
this population of patients, adjuvant therapy, either BCG 
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Fig 3.—Adjuvant therapy did not influence survival. Five-year 
survival rate for those receiving adjuvant therapy (solid line) was 
28% compared with 22% for those not receiving adjuvant therapy 
(broken line, P = .45). 


or dacarbazine, and the disease-free interval do not appear 
to influence survival. 

It seems logical to expect that in melanoma, which has 
the propensity for widespread dissemination, the presence 
of pulmonary metastases would indicate disseminated dis- 
ease elsewhere and, therefore, would preclude surgical 
treatment. This is supported by the observation that only 
13% of patients do not have pulmonary metastases at 
autopsy. Although it is now well established that an 
aggressive surgical approach for pulmonary metastases in 
sarcomas can favorably influence the outcome in selected 
patients, the value of aggressive surgical therapy in mela- 
noma is unclear. Cahan” reported that four of 12 patients 
with follow-up greater than five years had survived resec- 
tion of pulmonary metastases. However, 19 of the total of 
29 patients who underwent excision of melanoma metas- 
tases to the lung died within two years. Mathisen and 
colleagues!* reported that 12 patients who underwent 
thoracotomy for the management of pulmonary metastases 
from malignant melanoma had a median survival of 12 
months. There were no five-year survivors. Our results are 
in keeping with those of Cahan and indicate that an 
aggressive surgical approach can benefit a select number 
of patients. 

The difference between this group of patients and the 
vast majority of patients with melanoma in whom meta- 
static disease develops indicates the potential for biologic 
heterogeneity in this disease. Evidence from murine mel- 
anoma tumors suggests that melanoma may be heteroge- 
neous and may contain subpopulations of cells with differ- 
ing biologic behavior? These tumors may exhibit 
predominantly pulmonary metastases as well as various 
extrapulmonic metastases. Evidence in our laboratory 
indicates that different melanoma cell lines have differing 
metastatic potential in nude mice. 

Few data exist for human melanoma to help identify 
tumors that might be less biologically aggressive once they 
disseminate. Berdeaux and colleagues* identified three 
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Fig 4.—Disease-free interval did not influence survival. Patients 
with relatively short disease-free intervals (<12 months, broken 
line) fared no worse than patients with long disease-free intervals 
(=12 months, solid line, P =.41). 


Tumor Doubling Time as an Indicator for Surgery 
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*NED indicates no evidence of disease; AWD, alive with disease: and 
DOD, dead of disease. 


distinct groups of patients with metastatic melanoma that 
differed in clinical behavior. These include a favorable 
group with skin or distant lymph node metastases, an 
intermediate prognostic group with pulmonary or bone 
metastases, and a poor prognostic group with brain or 
gastrointestinal involvement. Wornom and coworkers,’ Ka- 
rakousis et al, and Morrow and colleagues? suggested 
that the duration of disease remission is a useful prognostic 
factor in assessing the role of surgery in the treatment of 
distant metastases from melanoma. Amer et al! suggested 
that a prolonged disease-free interval was associated with 
better survival. This is in contrast to our experience and 
that of Mountain and colleagues,? who did not detect any 
influence of the disease-free interval on outcome. 
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The TDT is an accurate indicator of which patients in 
whom pulmonary metastases develop will benefit from 
surgical removal of the lesions.'*"* It is becoming apparent 
that this concept applies to melanoma as well. Patients 
with prolonged TDTs appear to be the most likely to 
benefit from aggressive surgical intervention. 

Based on the concept that a roughly constant rate of 
division of tumor cells will lead to increased growth, the 
TDT is a measure of the biologic aggressiveness of the 
tumor and, possibly, of its interaction with the host immune 
defensive mechanism. For this reason, active specific im- 
munotherapy utilizing our new, well-characterized alloge- 
neic melanoma-cell vaccine may be a critical factor in 
improving this relationship for the benefit of the host. Our 
ability to accurately detect the immune response to the 
five tumor-associated antigens expressed on the surface of 
the cells utilized in the vaccine (GD2, GM2, melanoma 
tumor-associated antigen, fetal antigen, and urinary tu- 
mor-associated antigen) should allow us to determine this. 

It should be emphasized that the number of patients who 
are candidates for an aggressive surgical approach in the 
management of pulmonary metastases from melanoma 
remains small. During the time of this study, only 5% of 
1100 patients with disseminated melanoma fulfilled criteria 
that made them candidates for pulmonary resection of 
metastatic melanoma. For this reason, surgical treatment 
for metastatic melanoma to the lung is seldom the final 
answer. Because of the heterogeneity of melanoma, it is 
difficult to completely assess the impact of surgery in this 
setting without simultaneous controls. Nevertheless, when 
patients were surgically rendered free of disease, 31% 
were alive after five years. Although surgical resection 
might seem to be extremely aggressive therapy for dissem- 
inated melanoma, the absence of an alternative therapy 
that has a substantial impact on the outcome makes surgical 
treatment the treatment of choice and provides the optimal 
opportunity for prolonged survival. 


This study was supported in part by grants CA09010 and CA29605 from 
the National Institutes of Health, Bethesda, Md. 
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Discussion 


JAMES B. D. Mark, MD, Stanford, Calif: The authors have 
brought a bit of order out of chaos regarding the treatment of 
melanoma metastatic to the lung. There is a great tendency for 
therapeutic nihilism or even despair in the treatment of melanoma, 
especially melanoma that has metastasized. The authors correctly 
point out that there are criteria that, if adhered to closely, will 
allow a rational and generally helpful approach to the surgical 
treatment of patients with melanoma metastatic to the lung. 
Interestingly enough, the criteria turn out to be identical to those 
used when considering surgical resection of neoplasms from other 
sites metastatic to the lung. The primary tumor should be under 
control, and the patient should be able to withstand the operation. 
There should be no tumor elsewhere, and no other reasonable 
treatment should be available. The intention should be to remove 
all the tumor, not just part of it. I worry a little about the authors’ 
approach. If after proper preoperative evaluation a surgical 
procedure is planned with curative intent, 20% is fairly high for 
incomplete resection of tumor, especially in the age of computed 
tomographic scanning. I realize that some patients were operated 
on before the availability of computed tomography, but I would 
appreciate further clarification of this point. 

I believe the number of lesions deserves more emphasis in 
dealing with patients with melanoma metastatic to the lung. 
Unlike pulmonary metastases in patients with sarcomas, for 
example, one should probably not operate on patients with multiple 
lung metastases from melanoma. The disease-free interval, which 
may be very long in melanoma, is a relatively unimportant criterion 
when considering operation. The TDT is probably more important 
in melanoma than in many other lesions. 

Patricia McCormack, MD, from Memorial Sloan-Kettering Can- 
cer Center, New York, was kind enough to share their approach 
to patients with melanoma metastatic to the lung. They operate 
only on patients with solitary lesions. All resected tumors are 
grown in tissue culture and used for monoclonal antibody studies. 
Patients with multiple metastases are offered a place in a treat- 
ment study using interleukin 2 with or without lymphokine- 
activated killer cells. Ten (30%) of their 33 patients with solitary 
lesions that were resected were living nine months to 18 years 
following operation. Overholt reported an 11% five-year survival 
rate (two patients) among 18 patients. Faber reported that one 
patient of 16 was living four years after segmental resection. All 
other patients, six of whom had solitary lesions, died of dissemi- 
nated melanoma. Our own experience is limited to eight patients, 
with a 20% five-year survival rate. This is considerably lower than 
the 40% long-term survival rate in our patients with tumor 
metastatic to the lungs from other primary sites. 

The UCLA data have given us some hope in the treatment of 
selected patients with metastatic melanoma. We still need a better 
understanding of the biologic mysteries of all malignant neoplasms 
if we are to have any real impact on their incidence, detection, and 
treatment and on patient survival. We all look forward to the day 
when surgical resection of malignant neoplasms will no longer be 
necessary. Instead, they will either be prevented entirely or 
treated successfully by some inexpensive, nontoxic systemic 
therapy. 


Metastatic Melanoma to the Lung—Wong et al 


—— 


JOHN R. BENFIELD, MD, Los Angeles: It is important to realize 
that this experience represents approximately 1% of the total 
number of patients with melanoma Dr Morton and his group have 
seen. Therefore, aside from showing us that resection of metas- 
tases can be an effective form of treatment, they have also shown 
us that the selection process they used is a remarkably good one. 
It is very important to keep this in mind, because the authors are 
not telling us that every patient with metastatic melanoma should 
undergo pulmonary resection. 

One of the indications for thoracotomy in patients with mela- 
noma is to make a diagnosis. In my own experience, approximately 
10% of patients with melanoma for whom I do a thoracotomy 
prove to have a pulmonary lesion other than melanoma. It certainly 
is worthwhile for the patient and for the referring physician to 
have the information as a guide to prognostic factors and further 
management. 

How much resection is appropriate in the treatment of meta- 
static melanoma? Is pneumonectomy, for example, an appropriate 
form of resection for melanoma? It is not, and pneumonectomy 
should be done for this disease rarely, if ever. 

Is resection of pulmonary parenchyma indicated when at the 
time of thoracotomy one finds lymph node metastases in the 
mediastinum? Ifthe resection can be done safely and expeditiously 
without depriving the patient of significant pulmonary reserve, 
the lesion should be resected, but if a large resection that places 
the patient at some jeopardy is needed, the presence of lymph 
node metastases contraindicates resection. 

Dr Morton, what has your experience been with finding lesions 
other than melanoma when you undertake thoracotomy? 

Davip TAPPER, MD, Seattle: One of the most intriguing issues 
concerns antigens and cell-surface markers. Surgeons will provide 
tumor tissue for cell-surface markers to which are attached 
chemotherapeutic agents for immunotherapeutic treatment of 
some of these diseases. Are you using these cell-surface markers 
to attach to chemotherapeutic agents for treatment? What was 
the cause of death of patients who were identified as having 
isolated lung lesions? Did they have lesions in other parts of their 
lungs, or were there diffuse metastases? 

CLIFFORD DEVvENEY, MD, Portland, Ore: There are important 
data here based on TDT. How do you do this test? Do you have 
any data on the reliability of TDT? In most instances do you use 
just two points to determine the TDT? If so, do you perform 
roentgenograms for all the patients using the same time interval? 
If there is more than one tumor on the chest roentgenogram, how 
do you determine the TDT? 

RocER E. ALBERTY, MD, Portland, Ore: Although I agree 
completely with the authors’ conclusions for a disease in which we 
have no alternatives, are you really changing the prognosis or 
progress of the disease, or are you just operating on patients who 
by nature are at an earlier stage of their disease? Patients who 
have isolated lesions that can be removed surgically are a different 
kettle of fish from patients with a number of tumors in their chest 
that cannot be taken out. Are the patients you are picking going 
to do better regardless of whether they are operated on, or are 
you really changing the course of events with surgery? 

I believe it is time to start emulating the experience in Australia, 
where all the money and emphasis is placed on prevention and the 
education of primary care physicians, nurse-practitioners, and the 
populace by television, magazines, newspaper articles, etc, to 
diagnose earlier. Level I disease is almost 100% curable. 

Dr Morton: Of tumors metastatic to the lung that might be 
benefited by surgical resection, I would have predicted that 
melanoma would be the least likely. Early on we had a policy of 
not resecting melanoma in the lung, but we resected solitary 
lesions that were found to be melanoma in some patients, and 
these patients did very well. This led us to a more aggressive 
approach to the management of these metastatic lesions. 

Dr Mark, there are three reasons why 20% of the patients did 
not undergo resection: (1) There may be involvement of the nodal 
area of the lung with multiple small lesions that are not resectable. 
(2) Extensive involvement of the mediastinal nodes precludes the 
resection of all disease, but we might resect the lesion in the lung 
to have tumor for a choriogenic assay. If only lobar nodes are 
involved, we resect them, although as a rule these patients have 
not done well. (3) We often find melanoma metastatic to the liver 
that is not detectable by other means, so we frequently open the 
diaphragm to feel the liver. If there is disease in the liver, it does 
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not make sense to resect metastases in the lung. 

Astothe number of lesions, single or multiple, in our experience, 
the TDT is pervasive in all types of metastases, including mela- 
noma. 

Obviously, if there were ten lesions in the chest, we would not 
consider this approach. Patients with a limited number of lesions, 
however, even if they are bilateral, would be candidates. 

Dr Alberty asked whether we change the prognosis with 
surgery. There is a small instance of spontaneous regression, but 
not nearly as high as we see in patients who have undergone 
resection. We have not specifically compared the survival in 
patients with melanoma matched for TDT who have undergone 
resection compared with those who did not undergo resection. 
Among patients with carcinomas and sarcomas who did not 
undergo resection, the longest survival we have seen in a patient 
with a TDT over 40 days is about 36 months; this is definitely 
shorter than when one resects these lesions. 

Melanoma is only a bad disease when it becomes metastatic; for 
early melanomas, clinical stage I, we have an 8096 survival rate 
even among patients with class III and IV melanomas that have 
no evidence of lymph node or distant metastasis. 

Prevention is important. Melanoma is the most rapidly increas- 
ing malignant disease in the United States today. If we can just 
start a countertrend that to be pale is to be beautiful, we will be 
very effective in preventing this disease, because it is clearly 
related to exposure to the sun. 

Dr Tapper, we are deriving a number of approaches based on 
specific antigens. For example, we have human monoclonal anti- 
bodies to some of these antigens, and we have shown that they are 
directly therapeutic when injected into melanomas that have a 
particular antigen. For example, melanoma with a GM2 antigen 
regresses when a monoclonal antibody to GM2 is injected, but if 
the patient has only a GD2 antigen, the GM2 antibody does not 
work. 

Two thirds of the patients who had recurrences and died had 
brain deaths. Metastasis to the brain continues to be the biggest 
problem in patients with melanoma successfully treated by what- 
ever means. The brain is an immunologically privileged site and 
is often the site of recurrence once one has controlled the 
peripheral metastases. 

Dr Deveney, the TDT is a well-known technique that is easy to 
use. It is described in detail in my 1971 article.? Basically, it 
involves making a series of chest films at two-week intervals. 
Patients with rapid TDTs can be identified early and excluded 
from surgical resection. If the TDT is over 40 days, we can 
significantly prolong life. 

We have only measured the TDT in patients with pulmonary 
metastases, because they are easy to measure by chest roentgen- 
ograms. This technique may be applicable to metastases at other 
sites now that we can use computed tomographic scans to measure 
these areas. 

Chemotherapists at UCLA are beginning to use the TDT to 
judge the response to chemotherapeutic drugs, and they are 
developing a concept of halving time—how long it takes a tumor 
to decrease in volume by half. 

Dr Benfield, 4.4% of the patients with stage III disease 
underwent resection. Selection is a very important part of this 
project, and TDT is a useful means of doing this. Our experience 
has been similar to yours; it is not unusual for patients with 
melanoma to have pulmonary lesions that are primary lung 
cancers. In fact, we have had needle biopsy specimens interpreted 
as metastatic melanoma, only to find at the time of resection that 
the patient had primary lung cancer. 

These lesions tend to be in a subpleural location of the lung; 
this makes surgery possible. Only 10% of these lesions are deep 
in the parenchyma of the lung. Because the lesions are immediately 
subpleural, they can be resected with a margin of 2 or 3 em of 
normal lung tissue. We have never done a pneumonectomy for 
melanoma. If the tumor were so extensive that one would consider 
pneumonectomy, there would probably also be disease on the other 
side. 

As far as mediastinal lesions are concerned, we generally do not 
resect gross mediastinal disease, because this indicates not only 
metastasis to the primary lobar and hilar draining nodes but also 
d OMIT nodes, and we doubt that resection would be of 

enefit. 
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Mediastinal Parathyroid Tumors 


Orlo H. Clark, MD 


e Mediastinal parathyroid tumors are a frequent cause of 
failed parathyroid operations. | therefore reviewed my experi- 
ence with 285 consecutive patients treated surgically for 
hyperparathyroidism from January 1981 to Dec 31, 1986. Two 
hundred eighty-eight operations were performed on these 
patients (246 primary, 38 secondary, one error in diagnosis, 
and 53 reoperations). Mediastinal parathyroid tumors were 
present in 64 (22%) of the entire group of 285 patients with 
hyperparathyroidism, and 20 (38%) of 53 patients requiring 
reoperation for persistent or recurrent hyperparathyroidism. 
Fifty-two parathyroid tumors were situated in the anterior 
mediastinum and 12 were found in the posterior mediastinum; 
56 of the mediastinal tumors were removed via a cervical 
approach. In four patients the mediastinal tumor was a fifth 
histologically documented parathyroid gland. Mediastinal tu- 
mors were identified by preoperative localization studies 
(ultrasonography, three [16%]; thallium-technetium, five of 17 
[29%]; computed tomography, eight of 14 [57%]; magnetic 
resonance imaging, three of seven [43%]; and selective venous 
catheterization for parathyroid hormone, ten of 11 [91%)]). 
Awareness of the relatively high occurrence of mediastinal 
tumors (52 anterior, 12 posterior) should decrease the risk of 
failed parathyroid operations. 

(Arch Surg 1988;123:1096-1100) 


P arathyroid tumors are usually situated on the posterior 
lateral capsule of the thyroid gland but they may also 
be situated in the anterior and posterior mediastinum, 
within the thyroid gland in an undescended position, or in 
other rare ectopic positions. The upper parathyroid gland 
is usually situated behind the upper pole of the thyroid 
gland. When not found in this position it is usually situated 
along the lateral surface ofthe esophagus or in the posterior 
mediastinum.'^ The lower parathyroid gland is usually 
situated anterior to the recurrent laryngeal nerve and 
inferior to where the recurrent laryngeal nerve and inferior 
thyroid artery cross.'* When a lower parathyroid gland is 
not situated in this location it is often found within the 
anterior mediastinum and usually in the thymus. Most 
mediastinal parathyroid glands are in the upper mediasti- 
num just caudal to the thyroid gland and are supplied by 
the inferior thyroid artery. These glands can almost always 
(about 9096) be removed via a cervical incision, especially 
if they have been identified by preoperative localization 
studies. Ultrasonography, unfortunately, is not helpful in 
identifying abnormal parathyroid glands in a substernal 
position unless some of the tumor extends out of the 
mediastinum,? and other localization studies such as thal- 
lium-technetium scanning, computed tomography (CT), 
and magnetie resonance imaging (MRI) are considered by 
some clinieians to be too expensive for routine use in 
patients who have not undergone previous parathyroid or 
extensive thyroid surgery. 

The present report describes my experience with 64 
consecutive patients who have had one or more mediastinal 
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parathyroid tumors. Tumors situated in the mediastinum 
are a frequent cause of failed parathyroid operations in 
patients with both primary and secondary hyperparathy- 
roidism. Awareness of the location should help to avoid 
failed parathyroid operations. 


PATIENTS AND METHODS 


From January 1981, through December 1986, I performed 288 
operations in 285 patients (age range, 17 to 89 years) with 
presumed hyperparathyroidism at the University of California, 
San Francisco, and the Veterans Administration Medical Center, 
San Francisco. Two hundred forty-six patients had primary hy- 
perparathyroidism, 38 had secondary hyperparathyroidism, and 
one had an error in diagnosis. Fifty-three of the operations were 
on patients with persistent or recurrent hyperparathyroidism who 
had undergone one or more previous operative procedures. The 
error in diagnosis occurred in an 81-year-old woman who was 
referred after a failed neck exploration including tracheostomy 
with hypercalcemic crisis. At reoperation on her neck and medi- 
astinum, this patient was found to have metastatic squamous cell 
carcinoma of the uterus with metastases to the mediastinal nodes, 
bone marrow, and liver. 

The localization studies used in these patients included ultra- 
sonography, thallium-technetium scanning, CT, MRI, and highly 
selective venous catheterization and sampling for parathyroid 
hormone (PTH). Ultrasonography was used in most of the patients 
and other tests were used in patients requiring reoperation. 
Ultrasonography was performed using the 10-MHz real-time, 
small-parts ultrasound scanner (Picker Corp, Highland Heights, 
Ohio). The thallium-technetium studies were performed using 
3 mCi of thallous chloride Tl 201 (New England Nuclear, Boston) 
injected intravenously, followed five minutes later with 5 to 10 mCi 
of technetium Tc 99m in pertechnetate intravenously as described 
previously.’ The CT scans were performed using a GE 9800 scanner 
(General Electrie Co, Milwaukee). Highly selective venous sam- 
pling was used when the noninvasive localization tests were 
negative or equivocal, using the Seldinger technique as we have 
previously described.* Serum PTH levels for the highly selective 
venous catheterization studies were determined with a PTH 
antiserum (chicken 12) that is specifie for intact PTH (1-84) and is 
minimally influenced by amino, midregional, or carboxyl terminal 
fragments of PTH. This intact PTH antiserum or the amino 
terminal fragment is preferable to the carboxyl or midregional 
PTH assays because of the more rapid clearance of intact PTH 
and the resultant greater differences betwen the vein draining the 
tumor and background levels. 


RESULTS 


Sixty-four of the entire group of 285 patients had one or 
more abnormal mediastinal parathyroid glands. Fifty-two 
of these abnormal parathyroid glands were situated in the 
anterior mediastinum, in or near the thymus gland, and 12 
were situated in the posterior mediastinum. Thirty-nine of 
the mediastinal tumors were parathyroid adenomas that 
ranged in size from 0.6 to 4.5 em and all but one occurred 
in patients with primary hyperparathyroidism. One patient 
had secondary hyperparathyroidism. He was a 76-year-old 
man receiving hemodialysis for chronic renal failure who 
was referred after two previous failed parathyroid opera- 
tions. During his two former operations, four histologically 
normal parathyroid glands had been identified and all four 
had been removed, with a portion of one gland being 
autotransplanted. Magnetic resonance imaging suggested 
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Fig 1.—Left, Magnetic resonance imaging scan showing mediastinal atypical parathyroid adenoma 
removed by median sternotomy from 76-year-old man receiving hemodialysis for chronic renal 
failure after undergoing two previous unsuccessful operations at another hospital. Arrows indicate 
anterior border of tumor. Right, Atypical parathyroid adenoma measuring 6 x 4 x 3.5 cm. 


a deeply situated mediastinal tumor (Fig 1, left). At the 
reoperation performed by me there were no major branches 
of the inferior thyroid artery extending to the left thymus 
and mobilization of the proximal thymus failed to disclose 
the tumor. At median sternotomy the patient was found to 
have a large 4x5 x 4-em atypical mediastinal adenoma at 
the site identified preoperatively by MRI. This atypical 
adenoma (Fig 1, right) was supplied by the left internal 
mammary artery and was adjacent to the distal left thymus 
gland. Twenty-five patients had hyperplastic parathyroid 
glands situated in the mediastinum that ranged in size 
from 0.6 to 2.6 cm in maximal diameter. In nine of these 
patients with hyperplasia, two hyperplastic parathyroid 
glands were situated in the thymus. Ten of the entire group 
of 25 patients with hyperplasia had primary and 15 had 
secondary hyperparathyroidism. In four patients the me- 
diastinal tumor was a fifth histologically documented 
parathyroid gland (two in patients with hyperplasia and 
two with an adenoma). 

Mediastinal parathyroid tumors were responsible for 20 
of the 53 patients requiring reoperation. Eighteen of these 
patients were referred after failed operations at other 
hospitals. Noninvasive localization studies were used first 
in these patients. If these results of studies were negative, 
equivocal, or in conflict, highly selective venous catheteri- 
zation for PTH assay was performed. Mediastinal tumors 
were identified by noninvasive studies (ultrasonography, 
3/19 [16%]; thallium-technetium, 5/17 [29%]; CT, 8/14 [5726]; 
MRI, 3/7 [43%]; and by selective venous catheterization 
for PTH, ten [91%]) (Table). Ten of these 21 patients, 
however, had one or more false-positive test results, only 
nine patients had more than one positive test result, and 
two patients had no positive localization test results. Thus, 
the localization studies often gave discrepant results. The 
overall results of the localization tests in patients with 
mediastinal tumors are considerably poorer than the re- 
sults we have previously reported for patients with hyper- 
parathyroidism requiring reoperation, including these pa- 
tients. When the tumor was localized preoperatively by 
ultrasonography, thallium-technetium, CT, or MRI it could 
be removed via a cervical incision, despite being situated 
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caudal to the innominate vein, in all but one patient. The 
blood supply to these glands is usually via the inferior 
thyroid artery (Fig 2). Eleven median sternotomies were 
performed in ten patients. All of these patients had under- 
gone one or more previous parathyroid operations and one 
patient had undergone a previous median sternotomy. 
Abnormal parathyroid tissue was identified in seven of 
these patients. One failed repeated cervical and mediastinal 
operation occurred in a 73-year-old patient who had been 
referred for recurrent or persistent hyperparathyroidism 
after removal of an atypical parathyroid adenoma several 
years previously. All localization test results were negative. 
The patient died three years after a negative cervical and 
mediastinal dissection and at autopsy was found to have a 
solitary hepatic metastasis from parathyroid cancer with 
no other residual tumor. One 56-year-old woman had 
persistent hyperparathyroidism after undergoing a cervi- 
eal exploration elsewhere. Ultrasonography and CT sug- 
gested possible abnormal parathyroid glands in different 
places. A repeated neck and mediastinal exploration was 
negative and both localization test results were false- 
positive. Repeated noninvasive localization test results 
were negative but the serum PTH value obtained by highly 
selective venous catheterization was highest in the left 
innominate vein. At her third operation, the elusive 
1.5-em parathyroid adenoma was found within the carotid 
sheath behind the proximal left carotid artery. The other 
failed case was the error in diagnosis described above. This 
patient was an S8l-year-old woman who was admitted 
emergently in a hypercalcemic crisis (serum calcium level, 
3.87 mmol/L [normal, 2.12 to 2.62 mmol/L] and PTH level, 
240 iu. Leq/L [normal, «40 pLeg/L]) after a failed parathy- 
roid exploration. At repeated cervical exploration no ab- 
normal parathyroid tissue could be identified. Metastatic 
squamous cell cancer was found in the mediastinal nodes 
and bone marrow. At subsequent postmortem examination 
the patient was found to have disseminated squamous cell 
careinoma of the uterus that secreted a PTH-like substance 
that was detectable by both PTH bioassay and immunoas- 
say in the neoplastic tissue and in the serum. No abnormal 
parathyroid tissue was identified at autopsy. This was the 


Mediastinal Parathyroid Tumors—Clark 1097 


Results of Localization Tests in 21 Patients (22 Operations) 
With Mediastinal Parathyroid Tumors 


No. of No. (%) No. No. False- 
Test Tests Positive Negative Positive 
Ultrasonography 19 3 (16) 12* 5 
Thallium-technetium 17 5 (29)t 7 5 
Computed tomography 14 8 (57) 4 2 
Magnetic resonance 
imaging 7 3 (43) 2t 2 
SVC for PTH§ 11 10 (91) 1 0 
*One (cervical) of two hyperplastic glands was identified. 
tTwo hyperplastic parathyroid glands were found in one patient. 
Inadequate due to movement. 


§SVC for PTH indicates selective venous catheterization for parathyroid 
hormone. 


only postoperative death among 64 patients who had 
mediastinal tumors or who underwent exploration for a 
possible mediastinal tumor and the only postoperative 
death in the entire series of 285 patients. In one other 
patient the right recurrent nerve was transected during a 
repeated neck and mediastinal exploration. This was rec- 
ognized and repaired but the patient had a vocal cord 
paresis. 


COMMENT 


Mediastinal parathyroid tumors, although unusual, were 
present in 64 (22%) of our 285 patients with hyperparathy- 
roidism and in 20 (38%) of our 53 patients who required 
reoperation for persistent hyperparathyroidism. Most of 
these mediastinal tumors (56/64 [88%]) could be removed 
via a cervical incision, even in patients with persistent 
hyperparathyroidism, especially if the tumor was identi- 
fied preoperatively by noninvasive localization studies. 
When a lower parathyroid gland was missing it was usually 
found in the thymus gland in the anterior mediastinum.‘ 
When an upper parathyroid gland was missing it was 
usually situated along the posterior lateral wall of the 
esophagus or in the posterior mediastinum.'^ Since both 
anterior and posterior mediastinal parathyroid tumors are 
usually supplied by the inferior artery they can be identi- 
fied by removing the thymus gland or by following the 
branches of the inferior thyroid artery (Fig 2). 

In some patients with primary hyperparathyroidism four 
normal glands are identified in the neck. When four glands 
are present in the neck they should undergo biopsy (not be 
removed) to confirm that they are truely parathyroid 
glands. If the diagnosis of hyperparathyroidism is correct 
then a fifth parathyroid gland can usually be identified 
within the mediastinum, as occurred in four of our patients. 

In patients with primary or secondary hyperplasia it is 
important to remove at least the upper portion of the 
thymus gland bilaterally, because a fifth parathyroid gland 
occurs in about 15% of these patients.’ In one series 25% 
of patients with secondary parathyroid hyperplasia due to 
chronic renal failure had a fifth parathyroid gland.” 

Preoperative localization studies are not as accurate in 
patients with mediastinal parathyroid tumors, as docu- 
mented in the present and previous studies.?^"' Ultraso- 
nography cannot identify mediastinal parathyroid tumors 
unless a portion extends above the mediastinum. Thallium- 
technetium scanning sometimes gives dramatic results but 
it is not as effective as it is in identifying cervical parathy- 
roid tumors.®*"! One reason is because these isotopes do 
not penetrate the sternum very well so that small adenomas 
or hyperplastic glands are missed.* Thallium-technetium 
scans that are positive or equivocal but that conform to a 
positive or equivocal CT or MRI scan are very helpful since 
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Fig 2.—Intraoperative photograph of right posterior superior me- 
diastinal tumor supplied by inferior thyroid artery. 


the thallium scan gives functional results, whereas the CT 
or MRI scans give anatomic results. At our institution 
MRI has recently replaced CT for identifying parathyroid 
tumors in patients with persistent or recurrent hyperpar- 
athyroidism, and overall it appears to be the best nonin- 
vasive localization test for patients who have undergone 
previous failed parathyroid operations.*'? Selective venous 
catheterization for PTH analysis can be very helpful but 
lateralizes rather than localizes the precise location of the 
abnormal parathyroid gland. When the results from selec- 
tive venous catheterization or PTH correspond with those 
suggested by any of the noninvasive studies the tumor is 
identified. Unfortunately, in some patients with mediasti- 
nal tumors the serum PTH level is diluted so rapidly that 
there is not a twofold increase in PTH concentration and 
thus the test result is negative, as occurred in one of our 
patients in the present study. In fact, when none of the 
serum PTH values obtained during selective venous cath- 
eterization shows a twofold increase, a mediastinal para- 
thyroid tumor is likely. Despite this fact, selective venous 
catheterization was by far the most accurate study (10/11 
or 91% positive) for localizing the mediastinal parathyroid 
tumor. It is also the most accurate localization test for 
identifying multiple abnormal glands. 

Wang et al? recently described 30 successful mediastinal 
explorations among 1200 patients operated on for hyper- 
parathyroidism (2.5%) at the Massachusetts General Hos- 
pital, Boston. The overall incidence of median sternotomies 
for patients with hyperparathyroidism ranges from 1.4% 
to 1496?;* and in our series was 3.8% (11/285 patients). 
Unfortunately, the failure rate for mediastinal exploration 
is high, with identical failure rates at Massachusetts 
General Hospital and the Mayo Clinic (Rochester, Minn), 
17 (86%) of 47 and 21 (3696) of 59, respectively, and with 
ten (30%) of 33 failures at the National Institutes of 
Health.::5:4 We also found a similar failure rate. We 
performed 11 mediastinal explorations in ten cases and 
recorded three failed cases: one because of an error in 
diagnosis, one because of metastatic parathyroid cancer in 


Mediastinal Parathyroid Tumors—Clark 


the liver, and one because of a parathyroid adenoma that 
was situated within the carotid sheath behind the left 
proximal common carotid artery. This tumor was not 
localized by any noninvasive localization study although 
PTH values were highest in the left innominate vein. This 
elusive tumor was subsequently identified during a re- 
peated median sternotomy and cervical exploration. 

Even in patients with recurrent or persistent hyperpar- 
athyroidism due to a mediastinal tumor, this tumor can 
usually be removed through a cervical incision, especially 
if the tumor can be identified preoperatively, as was done 
in 14 (67%) of the 21 reoperations for mediastinal tumors. 

In conclusion, mediastinal parathyroid tumors can be 
difficult to identify by preoperative localization studies and 
during parathyroid operations, but awareness of the posi- 
tion of parathyroid glands within the mediastinum should 
result in fewer failed parathyroid operations. Median ster- 
notomy is rarely necessary, especially if these tumors are 
identified preoperatively, but the localization tests must 
be carefully evaluated and compared with the previous 
operative and pathology reports. Median sternotomy is 
only recommended at an initial parathyroid operation in 
patients with a serum calcium level over 3.49 mmol/L. 
Localization studies performed before reoperation are 
essential and often suggest or document the site of the 
elusive parathyroid tumor. 
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Discussion 


LEONARD Rosorr, MD, Los Angeles: No tests have come close 
to the localizing accuracy of an experienced parathyroid surgeon 
with success rates of 95% or better at the initial operation. The 
pressing need for accurate preoperative localization is in the 
remaining 5% of cases in which the tumor is in an ectopic location, 
most frequently the mediastinum. In this area, however, the 
results of localization studies were especially poor. This indicates 
that previous enthusiastic reports of localizing procedures were 
based essentially on identification of tumors in the immediate 
vicinity of the thyroid gland, which is not a problem for the 
experienced parathyroid surgeon. 

The high incidence of false-positive results in this study is 
especially appalling. Such misinformation results in confusion and 
errors by an unwary and inexperienced parathyroid surgeon. To 
paraphrase the late Dr Lahey, a test (operation) should be devised 
for the good surgeon, not the bad one. 

The author correctly states that “Most mediastinal glands are 
in the upper mediastinum just caudal to the thyroid gland [and] 

. ean almost always (about 90%) be removed via a cervical 
incision, especially if they have been identified by preoperative 
localization studies.” This tautological conclusion, however, is not 
substantiated by any data. 

A thorough exploration by an experienced parathyroid surgeon 
will detect more tumors in the superior mediastinum than any 
test available today. The author includes venous catheterization as 
a “localizing procedure,” reporting 91% “positive results.” How- 
ever, there is no evidence given that any tumor was precisely 
“localized” by this procedure, and the author admits that the 
study is essentially “lateralizing” rather than localizing. 

Because of the cost of $200 or more for each PTH determination 
in a minimum of 14 specimens (in addition to the numerous other 
charges associated with this procedure) and the lack of truly 
helpful information obtained from such studies, I continue to 
believe that this procedure should be abandoned for clinical use 
nationwide and be reserved for research purposes in selected 
centers. ; 

Despite the poor results obtained to date, preoperative locali- 
zation studies are essential for patients who have undergone a 
failed initial exploration. For such circumstances, identification 
should be confirmed, if possible, by two different studies. 

I have several questions: Why not include arteriography as a 
localization procedure before reoperation, especially when search- 
ing for mediastinal tumors via the internal mammary artery? 

With the results of CT being somewhat better than MRI, why 
is CT being abandoned for MRI? 

Why did the localization studies fail to disclose the tumor in the 
carotid sheath? 

Isn't it routine to examine the carotid sheaths, especially during 
a "negative" exploration? 

What did the localization studies show in the 81-year-old patient 
with metastatie squamous cell carcinoma of the uterus? 

GrorcE A. HicciNs, MD, Santa Barbara, Calif: The experience 
presented here reflects many of our impressions of this interesting 
disease. We no longer have to decide at the time of initial 
exploration, if no adenoma is found, whether or not to go ahead 
and split the sternum. I do not think anyone recommends that as 
a primary approach, primarily because we are better able to make 
the diagnosis and rule out some of the other causes of hypercal- 
cemia: 

Most of these patients are asymptomatic and if we have some 
question about the diagnosis it is appropriate to reevaluate the 
patient at a later date and then proceed with an exploration. If 
the result of the exploration is negative, and everyone who does 
this type of surgery is going to encounter that problem, then we 
do have many excellent diagnostic tools at our disposal. 

I encountered two interesting cases. First was a man who 
presented with a substernal mediastinal tumor and a slightly 
elevated calcium level. An adenoma that large should have pro- 
duced a very high calcium level. The tumor was removed through 
the neck and proved to be a parathyroid cyst. 

The second patient presented with a mediastinal tumor before 
CT was readily available. On tomographic roentgenograms, this 
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proved to be in the posterior mediastinum behind the trachea and 
adjacent to the esophagus. This tumor was removed through the 
right side of the chest and was also found to be a cystic lesion. 
Histologic examination showed it to be a parathyroid adenoma. 
Occasionally, parathyroid adenomas do present as cysts, and these 
two were both in the mediastinum. 

ALLEN M. BovpEN, MD, Portland, Ore: In 1932 it was my 
privilege to be an observer and a very minor player in an amazing 
drama at the Massachusetts General Hospital. In 1926, Charles 
Martell was referred from New York Bellevue Hospital to Dr 
Joseph Aub at Massachusetts General Hospital. Dr Aub’s inves- 
tigation of lead poisoning and the relationship of lead in bone to 
calcium intake were well known. He had also found that PTH 
extract caused the withdrawal of lead from bones. 

By that time, Martell had lost 7 in of height and had endured 
multiple fractures, with his roentgenograms disclosing osteitis 
fibrosis eystica. Dr Aub and his two team members, Drs Fuller 
Albright and Walter Bauer, concurred in the diagnosis of hyper- 
parathyroidism, the first such diagnosis made on this continent. 
During two neck explorations, two parathyroid glands were 
removed with no benefit. 

The ensuing six years resulted in the progression of the disease 
despite four further neck explorations. When I first saw him, 
Martell lay on Ward E in a single room surrounded by his books. 
He had studied, with these three internists, his own disease 
including the anatomy of the parathyroid glands. He was convinced 
that he had a hyperfunctioning parathyroid gland somewhere and 
refused to be discharged. Though the physicians were discouraged, 
he insisted on further surgical research. 

Oliver Cope at that time was a fifth-year resident and Dr 
Churchill was the chairman of the department. Dr Churchill had 
asked Oliver to go to the postmortem room to study the appear- 
ance, anatomy, and distribution of the parathyroid glands. 

Finally, in November 1932, Dr Churchill explored the medias- 
tinum through a sternal splitting incision and removed a large 
parathyroid adenoma. 

During the next month the patient’s improvement was progres- 
sive. He was now able to stand. Unfortunately, a kidney stone 
suddenly lodged in the ureter, requiring surgery. By this time, I 
had moved to the Urology Service and was the third assistant at 
the ureterolithotomy. Complications from the operation sadly 
resulted in Martell's death. The devotion of these physicians and 
their unusual patient has remained indelibly printed in my mem- 
ory. 

Dr CLARK: I agree with Dr Rosoff that most patients with 
primary hyperparathyroidism do not require parathyroid locali- 
zation procedures because an experienced surgeon can success- 
fully treat 95% of these patients at the initial operative procedure. 
Preoperative localization procedures, however, can expedite the 
operative procedure and make the patient and referring physician 
more confident about the diagnosis. Localization procedures are 
thus helpful in patients who have not had previous parathyroid 
operations and are essential for patients who have recurrent or 
persistent hyperparathyroidism. 

The selection of ultrasonography, thallium-technetium scanning, 
MRI, or CT scanning depends on (1) the accuracy of these tests, 
(2) the cost, (3) the type of equipment that is available, (4) the 
expertise and interest of the radiologist or nuclear medicine 
physician in these investigations, and (5) the invasiveness of these 
tests. We have done prospective studies comparing ultrasonogra- 
phy with CT scanning, ultrasonography with thallium-technetium 
scanning, and ultrasonography with MRI. With the best of 
equipment and experienced and dedicated radiologists, all of these 
studies identified approximately 7596 of the parathyroid tumors. 
The results are better for patients with solitary parathyroid 
adenomas than for patients with multiple abnormal parathyroid 
glands or parathyroid hyperplasia. For patients who have not had 
previous operations, I use ultrasound with the 10-MHz real-time, 
small-parts scanner: The results obtained with this scanner are 
preferable to those obtained with the 5- and 7.5-MHz scanners. 

The thallium-technetium scan accurately identifies approxi- 
mately 75% of abnormal parathyroid glands. This scan is functional 
and very helpful for identifying parathyroid glands in ectopic 
positions. It would be preferable to ultrasonography except that 
it costs more and there is a higher false-positive rate (approxi- 
mately 15%). I use thallium-technetium scanning as well as 
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ultrasonography for poor-risk surgical candidates. When both the 
ultrasound and thallium-technetium scans suggest that the para- 
thyroid is at the same position, the test results are almost always 
correct. When both ultrasonography and thallium-technetium 
scanning are used in the same patients, 90% of the abnormal 
parathyroid glands can be identified. 

For patients requiring reoperation because of persistent or 
recurrent hyperparathyroidism, I use ultrasonography, thallium- 
technetium seanning, and MRI. In these patients, the parathyroid 
tumor is more likely to be in an ectopic position and normal tissue 
planes are frequently obliterated because of scar formation from 
the previous operation. Using these studies we have identified 
approximately 90% of the elusive parathyroid glands preopera- 
tively, although results of one or more of these tests may be 
negative or misleading. We prefer MRI to CT because contrast is 
not required and shoulder artifact is not a problem. At the 
University of California, San Francisco, MRI has become the most 
accurate localization test for patients with persistent or recurrent 
hyperparathyroidism (Levin KE, Gooding GAW, Okerlund MD, 
et al: Localizing studies in patients with persistent and recurrent 
hyperparathyroidism. Surgery 1987;102:917-925). If results of the 
noninvasive localization tests are negative or equivocal (as oc- 
curred in many of the patients with mediastinal tumors), highly 
selective venous catheterization for the intact or amino terminal 
fragment of parathyroid hormone is done. When there is no 
increase in the PTH level with selective venous catheterization, it 
suggests that the parathyroid tumor is in the mediastinum because 
the high serum PTH level is immediately diluted by the large 
volume of blood in the innominate vein. Using these tests, more 
than 9046 of these patients who undergo reoperation are rendered 
normocalcemie.? Another approach for preoperative parathyroid 
localization is to perform a percutaneous aspiration biopsy under 
ultrasound or CT guidance for cytology and PTH assay of cells 
from the aspirated lesion. 

Selective venous catheterization for PTH usually lateralizes and 
does not localize. It is a functional study, and when it is combined 
with an equivocal noninvasive study, the precise site of the tumor 
often becomes known. In patients requiring reoperation for pri- 
mary hyperparathyroidism, selective venous catheterization may 
also suggest the presence of more than one remaining parathyroid 
tumor. We have performed digital venography or angiography in 
several of our patients before selective venous catheterization 
primarily to map out the venous drainage pattern. Arteriography 
can identify approximately 40% of parathyroid tumors, and when 
a mediastinal parathyroid tumor is identified by angiography, it 
can be ablated by injecting full-strength contrast medium. This is 
an option for very poor-risk surgical candidates. In general we do 
not use arteriography because of the reported risk of cortical 
blindness, quadriparesis, and even death. 

A sternum split is not recommended at the initial operation for 
patients with primary hyperparathyroidism unless the serum 
caleium level is over 3.37 mmol/L. Since the size of the tumor 
correlates with the degree of hypercalcemia, patients with pro- 
found hypercalcemia usually have large parathyroid tumors. If 
one cannot identify such a large tumor in the neck by preoperative 
localization studies it is because the tumor is usually in the 
mediastinum. Also, if a small parathyroid tumor is found in a 
patient with profound hypercalcemia, one should look for other 
abnormal parathyroid glands. In Dr Higgins' patients the mild 
hypercalcemia associated with the partially cystic large parathy- 
roid tumor most likely occurred because only part of the parathy- 
roid tumor was functioning. 

Most parathyroid tumors, including mediastinal tumors, can be 
removed via a cervical approach; median sternotomy is seldom 
necessary (approximately 2%) because the blood supply to most 
mediastinal tumors is via the thyrocervical trunk. 

Dr Boyden, the team effort of Drs Allbright, Aub, and Bauer in 
medicine, Dr Castleman in pathology, and Dr Oliver Cope in 
surgery made many important contributions to our understanding 
of the appropriate treatment of patients with hyperparathyroid- 
ism. I have heard that Captain Charles Martell, perhaps Massa- 
chusetts General Hospital's most famous patient, became fasci- 
nated with his own problem and studied embryology. He 
apparently suggested to his brilliant clinicians that his elusive 
parathyroid tumor was beneath his sternum. We should obviously 
listen to our patients. 
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of Child Abuse 


Daniel J. Ledbetter, MD; Edwin I. Hatch, Jr, MD; Kenneth W. Feldman, MD; Corinne L. Fligner, MD; David Tapper, MD 


e One hundred fifty-six children younger than 13 years of 
age with blunt abdominal injuries were reviewed, and those 
injured in accidents (89%) were compared with those injured 
by child abuse (11%). Abused children were younger (mean 
age, 27/2 years) and all presented late to medical attention with 
a history that was inconsistent with their physical findings. 
Only 65% of abused children had physical or roentgeno- 
graphic signs of prior abuse, while 35% had no signs of prior 
abuse. The abdominal organs injured were different; 6196 of 
accidentally injured children suffered injuries to a single, solid 
organ, and only 8% had hollow viscus injuries, while 65% of 
abused children had hollow viscus injuries. Physicians should 
suspect child abuse when children have unexplained injuries 
(especially young children with hollow viscus injuries) even 
when other signs of child abuse are absent, and they should 
suspect hollow viscus injury in abused children. 

(Arch Surg 1988;123:1101-1105) 


njuries afflict millions of children every year and are a 
leading cause of death in children from 1 to 15 years of 
age.’ Accidental blunt trauma causes the majority of 
childhood injuries; however, child abuse is being increas- 
ingly recognized as a cause of injuries in children. It is 
estimated that every year in the United States more than 
1 million children are abused, and between 2000 and 5000 
children die as a result of child abuse.’ 

After head injuries, abdominal injuries are the leading 
cause of death in abused children.* Unlike the typical 
accidentally injured child with a single, solid abdominal 
organ injury that can usually be managed nonoperatively,*^ 
an abused child often has a hollow viscus injury that 
requires operative intervention." 

The purpose of this study was to compare accidental 
abdominal injuries to abdominal injuries caused by child 
abuse and describe the differences in presentation and 
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pattern of injury. Our goals are to (1) increase physicians 
awareness of child abuse as a cause of abdominal injuries, 
(2) help physicians recognize child abuse by identifying 
the characteristic features that distinguish accidental in- 
juries from inflieted injuries, and (3) show that abused 
children require a different diagnostic and therapeutic 
approach than accidentally injured children because of 
differences in their presentation and pattern of injury. 


PATIENTS AND METHODS 


We reviewed the charts of all children less than 13 years of age 
with blunt abdominal injuries who were admitted to Children's 
Hospital and Medical Center, Seattle, and Harborview Medical 
Center, Seattle, from January 1979 to December 1986. We also 
reviewed King County (Washington) Medical Examiner's Office, 
Seattle, records to include children with blunt abdominal injuries 
who died during the same period. This allowed our analysis to 
include the majority of seriously injured children in the Seattle 
area. 

Children's Hospital and Medical Center is the only tertiary care 
hospital for children in the region and also provides the majority 
of primary and secondary hospital care for the children of King 
County (population, approximately 1.25 million) Harborview 
Medical Center is the level 1 trauma center serving the region. 
The King County Medical Examiner's Office performs autopsies 
on more than 9546 of children who die of injuries and on all children 
who die suddenly or unexpectedly. 

The children were classified as having suffered accidental injury 
(ie, unintentional injury) or child abuse (ie, intentional injury 
inflieted by the child's earetaker). In hospitalized children the 
diagnosis of child abuse was made prospectively by each hospital's 
child abuse team and was confirmed during our retrospective 
review. In Medical Examiner's Office cases the diagnosis of child 
abuse was based on the results of a complete death investigation 
that included an autopsy. 

The victims of child abuse and accidental injury were compared 
for (1) age, race, and sex; (2) clinical presentation; (3) abdominal 
organs injured; (4) associated injuries suffered; and (5) mortality. 
The time from injury to presentation to medical attention was 
estimated. In child abuse cases the time of injury was usually 
unclear because of an imprecise history; therefore, in these cases, 
the time interval from injury to presentation was inferred from 
both the history and physical findings. 


RESULTS 
During the eight-year period from 1979 through 1986, 
we found 156 cases of children younger than 18 years of 
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age who had suffered blunt abdominal injuries. Eighty- 
nine percent (n=139) were injured in accidents. Eleven 
percent (n=17) were abused. Boys outnumbered girls 2:1 
in both groups. The victims of child abuse were significantly 
younger than accidentally injured children (Figure); the 
mean age of the abused children was 2 years 6 months, 
compared with 7 years 8 months for accidentally injured 
children. Child abuse caused the abdominal injuries of 44% 
of the children younger than 4 years of age. The racial 
composition of accidentally injured children was similar to 
the racial composition of the region’s population and not 
markedly different from the group of abused children. 

The majority of accidentally injured children were in- 
volved in motor vehicle accidents (98/139 [70%]). This 
included 56 children injured as pedestrians, 20 children 
injured as bicycle riders, 16 children injured as passengers, 
and six children injured as motorcycle riders. The remain- 
ing accidental injuries resulted from falls (20%) and a 
variety of miscellaneous causes (10%), including contact 
sports, being struck by falling objects, and being kicked 
by farm animals. 

Accidentally injured children usually presented to med- 
ical attention immediately after their injury; 91% were 
brought to the hospital directly from the scene of their 
accident. In only 9% of children was presentation delayed 
more than three hours from the time of injury. In contrast, 
all victims of child abuse had a delayed presentation to 
medical attention. 

All of the explanations given for the conditions of abused 
children at their presentations were inconsistent with 
subsequent physical findings, unlike those given for acci- 
dentally injured children. The most common explanations 
were that the child: “fell—down the stairs, off the bed, or 
off the couch” (eight cases); “stopped breathing” (five 
cases); no explanation (five cases); or “is sick and vomiting” 
(three cases). As in other forms of severe child abuse, the 
perpetrator of the abusive abdominal injury was frequently 
not the person who eventually brought the child to medical 
attention. Often the child’s mother would relate that the 
child was with her boyfriend and would offer an explanation 
such as “he thinks the child fell off the bed.” 

Associated injuries outside the abdomen were present 
in both groups. Major associated injuries were more com- 
mon in accidentally injured children (Table 1) and were 
generally the result of high-velocity accidents, such as 
high-speed motor vehicle accidents. Only five of the abused 
children had major associated injuries outside their abdo- 
men; two children had new rib fractures; one child had a 
pulmonary contusion; one child had a pulmonary contusion, 
an immersion burn, and a closed head injury; and one child 
had a skull fracture and a subdural hematoma. Seventy- 
one percent (12/17) of the abused children had no major 
injuries outside the abdomen. 

However, abused children did have a variety of minor 
injuries that were typical of child abuse. Eight children 
had evidence of previous, unexplained injuries that were 
typical of child abuse; five had healing fractures (of ribs or 
extremities) two had healed burn scars, and one had an 
old subdural hematoma. Five children had subgaleal he- 
matomas, although in only one child was it noted clinically 
(the others were found at autopsy). In addition, seven 
abused children had multiple bruises in locations and 
patterns that suggested inflicted injuries rather than 
accidental injuries. Two of these children with multiple 
bruises were the only abused children who had bruises 
over the abdomen accompanying their major abdominal 
injuries. Overall, 6596 (11/17) of the abused children with 
abdominal injuries had physical or roentgenographic find- 
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ings outside their abdomen that were suggestive of child 
abuse, but 35% had only abdominal injuries without other 
signs of child abuse. 

The pattern of abdominal organs injured was markedly 
different in accidentally injured children compared with 
abused children (Table 2). The majority (61%) of the 
accidentally injured children suffered injuries to a single, 
solid organ, and only 8% (11/139) had hollow viscus injuries 
(seven perforations and four intramural hematomas). In 
contrast, 65% (11/17) of abused children suffered hollow 
viscus injuries (seven perforations and four intramural 
hematomas). The types of hollow viscus perforations were 
different between the two groups: abused children had 
predominantly upper abdominal, midline perforations (five 
jejunal, one duodenal, and one stomach), while the acci- 
dentally injured children had more lower abdominal per- 
forations (three colon and only one each of stomach, 
duodenum, and jejunum). 

The overall mortality rate in this series of 156 injured 
children was 24%. The mortality rate of abused children 
(53%) was higher than that of accidentally injured children 
(21%). Especially notable was the much higher mortality 
rate for hollow viscus perforations in abused children (5/7 
[71%]) than in accidentally injured children (2/7 [28%)). 
Abused children generally died of hemorrhage (four cases) 
or sepsis from a hollow viscus perforation (four cases); only 
one child died of an associated head injury. In contrast, 
associated head injuries were responsible for 6596 of the 
deaths in accidentally injured children. Only two acciden- 
tally injured children died of isolated abdominal injuries 
and none died of an isolated hollow viscus injury. 

Thirty-two abused children died during the review pe- 
riod. Causes of death included isolated head injuries (21 
children), isolated abdominal injuries (eight children), head 
injury with an associated major abdominal injury (one 
child), immersion burn (one child), and severe dehydration 
(one child). | 


COMMENT 


There are important differences between children with 
accidental abdominal injuries and abused children with 
abdominal injuries. Abused children are younger, have a 
delayed presentation to medical attention, have a history 
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Table 1.—Major Associated Injuries in 139 Accidentally 
Injured Children Compared With 17 Abused Children 





No. of Injuries (% of Injured Children) 
————— eee 









Injury Accident Child Abuse 
Pelvis 11 (8) 0 (0) 
Soft tissue 9 (6) 1 (6) 
Total 166 7 





for their condition that is incompatible with the objective 
findings, oftentimes have evidence of other inflicted inju- 
ries, and have a higher risk for hollow viscus injury than 
accidentally injured children. 

The young age of abused children has been noted since 
the first widespread recognition of child abuse* and is 
characteristic of abused children suffering head,? abdomi- 
nal,97^*? and burn injuries.'?? Abusive abdominal injuries 
usually occur in children who are approximately 2 years of 
age. This is similar to abusive tap water immersion burns? 
but is unlike abusive head injuries, which occur more 
frequently in infants.? Child abuse was a frequent cause of 
abdominal injuries in children, especially younger children, 
in our series and should be considered in the differential 
diagnosis when evaluating children with unexplained in- 
juries. 

An important feature of child abuse is the marked delay 
that occurs from the time of injury to the time of presen- 
tation to medical care. Late presentations occurred in all 
cases of child abuse in our series and have been noted in 
all forms of child abuse, including head injuries,? abdominal 
injuries, and burns.? The delay often resulted in the 
abused child finally presenting to medical attention mori- 
bund, with advanced peritonitis or blood loss. 

Because of their young age, social circumstances, and 
serious illness, abused children are unable to give a history 
of the injuries inflicted, and the adults who bring the 
children to medical attention usually give a misleading 
history* Although this misleading history often obscures 
and delays the diagnosis of the abdominal injury, the 
recognition that the history is inconsistent with the phys- 
ieal findings should alert the physician to consider the 
diagnosis of child abuse.* 

When the physical evidence of injury and circumstances 
of presentation are inconsistent with the history, then 
additional characteristic physical and roentgenographic 
findings should be sought to investigate the possibility of 
child abuse. These findings would include otherwise unex- 
plained (1) multiple bruises; (2) new or old burns; (3) 
subgaleal hematomas (from hair pulling or blows to the 
head); (4) eye findings such as intraocular hemorrhages, 
retinal detachment, or periorbital ecchymoses; or (5) mul- 
tiple, asymptomatic fractures of varying vintages." These 
characteristic findings of child abuse were present in 65% 
of abused children with abdominal injuries; however, it is 
critical to remember that many children (35% in our series) 
may suffer significant abdominal injuries from abuse with- 
out other obvious evidence of inflicted injuries or even 
obvious external evidence of abdominal trauma (such as 
bruising). 

The pattern of abdominal organs injured as a result of 
child abuse is distinctive because of the high incidence of 
hollow viscus injuries. Small-bowel injuries were the most 
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Table 2.—Abdominal Organs Injured in 139 Accidentally 
Injured Children Compared With 17 Abused Children 








No. of Organs Injured 
(% of Injured Children) 










Accident Child Abuse 
Bowel 11 (8) 11 (65) 
Pancreas 11 (8) 2 (12) 
Diaphragm 5 (4) 0 (0) 
Total 194 24 





notable and have been prominent in all reports of abdominal 
injuries in abused children.55.15:5:5 Stomach!':* and colon*/? 
injuries also occur, albeit less frequently than small-bowel 
injuries. Because hollow viscus injuries are uncommon in 
children unless there is major trauma (such as a motor 
vehicle accident or a direct blow to the abdomen from 
bicycle handlebars), when a perforated viscus is found in 
the absence of a history of major trauma, the physician 
should suspect child abuse. 

Injuries to solid abdominal organs are also important in 
abused children. The liver is the most frequently injured 
solid organ in abused children,**° and severe injury to the 
liver parenchyma or to the hepatic veins can lead to 
exsanguination. Although pancreatic injuries were not 
frequent in our series, child abuse is an important diagnos- 
tic consideration when unexplained pancreatitis occurs in 
a small child.*?*? In marked contrast to accidental abdom- 
inal injuries, there were no splenic injuries in abused 
children in our series, and there are only rare reports of 
splenic injury caused by child abuse.” 

Once an abdominal injury has been diagnosed in a child, 
the surgical treatment is fairly straightforward. Most 
children who suffer accidental injuries suffer injuries to 
solid organs. These children can often be successfully 
managed nonoperatively, sparing the child the morbidity 
of laparotomy. Although accidental hollow viscus injuries 
are relatively uncommon,?^ these injuries are usually 
detected and treated successfully, so that mortality from 
an isolated hollow viscus injury is unusual?*?^ in an acciden- 
tally injured child. In contrast, hollow viscus injuries are 
relatively common in abused children, and abused children 
will more often require an operation for definitive therapy. 

Surgeons who care for injured children need to have a 
high degree of suspicion for abuse, especially in younger 
children. It is necessary to appropriately diagnose and 
treat the abdominal injury, but it is equally important to 
diagnose the abusive cause of the injury by recognizing 
characteristic historical, physical, and roentgenographic 
findings, and the unique pattern of abdominal injuries that 
occur in child abuse. Reporting suspected child abuse is 
mandatory in all 50 states, and as mandated reporters, 
physicians are exempt from liability if reports are made in 
good faith.? It is essential that the abused child be protected 
from subsequent abuse, which is likely to occur if no 
intervention is undertaken.” 
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Discussion 


ANTHONY SHAW, MD, Los Angeles: Three extremely important 
points were made by the authors in this report: first, these abused 
children are indeed brought in late; second, they often have 
physical evidence of prior abuse; and third, they may have lethal 
damage to internal organs without a mark on their skin. 

Is velocity of impact in blunt trauma a useful index of severity 
of injury? Would the authors agree that other factors, such as 
force of blow, site of impact, and age and size of child, are of equal 
or greater significance? 

The authors stress the significance of delay in presentation of 
the abused child. I would like to know if they have data relating 
delay to mortality. Did the four children in the abused group who 
died of hemorrhagic shock have treatable liver injuries? How many 
in each group were dead on arrival? Did any of the accident victims 
die as a result of delayed presentation or delay in diagnosis at the 
medical facility? 

Because the children in the abused group were all 6 years of age 
or younger, I think additional useful data could be generated by a 
matchup of these children with the accident vietims in the same 
age range. In this younger group, were there cases in which a 
clear diagnosis of abuse vs accidental injury could not be made? 
Did the accident victims with bowel injuries belong to this younger 
group? If so, the intestine may be more vulnerable to blunt injury 
in the younger child irrespective of cause. 

While I agree with the authors that delay in presentation and 
diagnosis is in part responsible for the relatively high mortality 
in the abused group, this conclusion is not clearly supported by 
the data as presented. The reluctance of parents to bring less 
seriously injured children for medical attention may account for a 
sample skewed toward an overrepresentation of complicated and 
fatal injuries in the abused group. Assuming this is true, it in no 
way detracts from the truth of the authors’ conclusion that young 
abused children with abdominal injury are at especially high risk 
of a fatal outcome. It behooves us as surgeons to recognize chronic 
physical abuse in its earlier, more subtle manifestations, before a 
youngster is beaten to death, and to consider visceral injury due 
to physieal abuse as a possible cause for poorly explained abdom- 
inal hemorrhage, sepsis, or bowel obstruction, even in the absence 
of dermal lesions or broken bones. 

Morton M. WooLLEvy, MD, Los Angeles: Child abuse is a 
disease of denial. The parents deny, the paramours deny, the 
babysitter denies. Worst of all, the medical profession denies; with 
this combination of denials, the patient's therapy may be delayed, 
and the disease of child abuse continues. 

On oceasion, I have heard various members of the medical 
profession say, "Such nice people and concerned parents could 
never have been responsible for such an injury to their child." It 
is not unlike the denial of the drug abuser and his/her enabler. 

As I discuss child abuse with medical personnel, both in this 
country and overseas, they tend to deny the frequency of child 
abuse until I begin to describe the clinical setting of child abuse, 
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at which time they may say, “Oh yes, maybe I saw one of those 
patients recently and did not recognize the child abuse syndrome." 

Ten years ago, in 1978, I presented a report to this organization 
describing duodenal injuries, including hematomas and perfora- 
tion, in infants and children treated at the Children's Hospital of 
Los Angeles. The report included two decades of therapy. In the 
first decade, the cause of a number of the injuries was undeter- 
mined. In the second decade, we recognized that over half of the 
duodenal hematomas were due to child abuse. Similar to other 
diseases, the more we look, the more we find. 

The authors of this report have attempted to compare abusive 
injuries with accidental injuries. Since the median age of patients 
with inflieted injury is much less than the median age of patients 
with accidental injury, it is really impossible to compare the nature 
of the injuries between the two groups. 

If you follow the guidelines that the authors have presented to 
us, with inereasing frequency you will recognize the abused child 
in contrast to the child who suffers from accidental injury. 

In our experience the most common cause of death in the abused 
child is head injury. In this report, that is not the case. I ask the 
authors why their incidence of lethal injury is less apt to be from 
head abuse than that in other presented series and in our 
experience at Children's Hospital. 

Tuomas C. Moore, MD, Torrance, Calif: The authors have made 
an important distinction between the sources of blunt abdominal 
trauma in childhood and the ages of the victims with respect to 
management and outcome. In abuse, we find hostile parents, much 
younger children, and, too often, lethal delay in care. 

At the Harbor-UCLA Medical Center, major blunt abdominal 
trauma in this age group and from abuse is extremely rare. The 
great majority of our patients are medically indigent and largely 
Hispanic (70% to 75%). Do the authors find any significant 
socioeconomic or ethnic distribution in their experience? 

Our incidence of blunt abdominal trauma in childhood, almost of 
epidemic proportions, is largely automobile vs child, ie, on foot or 
bicycle. In these cases our basic principle is not to further trauma- 
tize a child in stable or stabilizable condition. This includes aban- 
donment of peritoneal lavage and all imaging, except a cross-table 
lateral roentgenogram, performed for the purpose of looking for 
free air, which is our only indication for operative intervention. 

Our management is nonoperative with intense supportive care 
and monitoring. With this approach, we have performed only one 
laparotomy for blunt abdominal trauma in childhood in the past 
5⁄2 years. That patient had proximal jejunal separation with free 
air in the peritoneal cavity. This experience represents a 55-fold 
reduction in laparotomy for blunt abdominal trauma in childhood 
at our institution and is associated with a zero mortality from 
intra-abdominal causes. 

Davip M. Hermpacu, MD, Seattle: How was the diagnosis of 
child abuse made? Approximately 5% of all pediatric admissions 
to our burn center (seven to nine children per year) end up with 
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documented child abuse as a cause for their burns. For the most 
part, the children do not have associated injuries, and this 
frequently is the first time that the child has been abused, at least 
abused seriously enough to come to the hospital. Do the authors 
require there to be either an improbable history, an implausible 
set of eireumstances, or perhaps associated injuries, or a history 
of previous trauma, to diagnose the child abuse? If they do, I 
think they, and all of us, have been missing a large number of 
cases where the history is not implausible and the family, as a 
matter of fact, gives the appearance of being loving; this is a 
crucial issue. Many times an accident that appears on the surface 
to be straightforward may not be. I think we are still underdiag- 
nosing child abuse. 

Dr Tapper: Dr Shaw, of the patients dying of hemorrhagic 
shock, two were dead on arrival and two died somewhat soon after 
their arrival to the emergency room; despite rapid resuscitation, 
they were not salvageable. On the other hand, the individuals 
with perforated viscus had a more substantial delay; in fact, one 
of the individuals was discharged from one of the facilities and 
returned some time later moribund. 

It is difficult to separate or to develop the congruence that you 
asked for. What was so very clear was the fact that the children 
who were accidentally injured tended to be school-age children, 
and the children who are abused are more likely to be toddlers. 

There is nothing intrinsic to the small intestine; we just do not 
appreciate the tremendous force exerted in abuse. We have called 
these "low-velocity injuries," but in fact, it is a tremendous force 
that damages the intestine. 

How to make the diagnosis? The more you look, the greater the 
number of these cases you will find. We are looking at the tip of 
the iceberg; many of the more "plausible" histories are related to 
child abuse, and it is only because of the pattern recognition that 
you make the diagnosis of child abuse. The injuries and the age 
differential may be helpful, but this is a small percentage. 

In our hospital most of these people are seen by the child abuse 
team. Social workers and physicians who have experience dealing 
with these children can help make the diagnosis. 
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Dr Woolley, head injury is the most common cause of death, 
even in the child abuse patient. For this particular audience, we 
looked at the group of children who had abdominal injuries. In the 
series of children that we studied, the isolated head injuries 
accounted for twice as many deaths, and most of the children were 
brought in dead. 

Dr Moore, there are certain ethnic differences. When you look 
at some of the figures from the black populations in New York 
City, you see the incidence of child abuse and death may be quite 
a bit higher. 

We do not want to add any more child abuse in the emergency 
room, and pediatrie surgeons are not proponents of peritoneal 
dialysis catheters. It was not our intent to discuss what the 
nonoperative management is. Our intent was to caution those who 
have followed the pediatric surgical literature not to apply some 
of those inappropriate standards. 

Most of these children come in 48 hours after they are injured, 
and if you have to operate on a child who has a perforated viscus, 
they will probably do well. What we do not want you to do is to 
say, "Well, pediatric surgeons never operate on kids, so we will 
just watch them for a little bit longer and see how they do." 

Pattern recognition is important. Accidentally injured children 
are school-age children, and they tend to come immediately to the 
hospital. For the most part, they injure single, solid organs. They 
are successfully managed nonoperatively, and they usually go 
home. 

Abused children tend to be younger and significantly delayed in 
getting to the hospital. When they are operated on, you most 
likely find a perforated viscus, and, unfortunately, a large per- 
centage of them die of their abdominal injury. 

We have several responsibilities and pattern responses. If you 
recognize an abused child, think of an abdominal injury. If you 
happen to be operating on a young child who you thought had an 
accidental injury and you find a perforated viscus, remember that 
this child may have been abused. It is important to report that, or 
sooner or later, he will be back on your operating table with a fatal 
injury. 
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The Role of Arterial Reconstruction in 


Penetrating Carotid Injuries 


Fred A. Weaver, MD; Albert E. Yellin, MD; Willis H. Wagner, MD; Samuel H. Brooks, ScD; 


Arthur A. Weaver; Mark A. Milford, MD 


e The outcome of 80 patients with 85 penetrating injuries 
to the extracranial carotid artery (CA) were analyzed after 
three types of treatment: (1) 54 patients, 17 with a neurologic 
deficit, who underwent arterial reconstruction; (2) 18 patients, 
eight with a neurologic deficit, who had CA ligation or non- 
operative management of a CA occlusion; and (3) eight 
patients, two with a deficit, who had minimal nonocclusive 
injuries managed nonoperatively. Outcome was analyzed us- 
ing a Carotid Neurologic Score (CNS). The CNS is a quantitative 
measure of neurologic outcome and survival and ranges from 
—1 to +3. The higher the CNS, the more favorable the 
outcome. The conditions of nine patients in group 1 neuro- 
logically improved after treatment, 41 were the same, and four 
were worse. Forty-four patients were neurologically intact and 
three died. The mean (+ SD) CNS was 1.90.8. In group 2, one 
patient's condition improved, 13 stayed the same, and four 
deteriorated. Ten patients were intact and two died. The mean 
CNS was 1.3+1.13. In group 3, two patients’ conditions 
improved and six stayed the same. All eight patients were 
intact; there were no deaths. The mean CNS was 2.3: 0.35. 
There was a significantly higher CNS for groups 1 and 3 
compared with group 2. The CNSs of groups 1 and 3 were not 
significantly different. Arterial reconstruction provides the 
best outcome for all penetrating CA injuries except nonocclu- 
sive limited intimal injuries that require only observation. 

(Arch Surg 1988;123:1106-1111.) 


Beeman with the Korean War, primary arterial repair 
supplanted the use of ligation as the preferred man- 
agement of all penetrating carotid artery (CA) injuries. 
Subsequent civilian reports in the 1960s reported the use 
of reconstructive techniques for all CA injuries regardless 
of neurologic status.'* Cohen et al,* in 1970, were the first 
to question the advisability of routine revascularization in 
the patient with a neurologic deficit and suggested that a 
distinction be made between the neurologically intact 
patient and the one with a deficit. They believed that 
arterial reconstruction in a patient with a deficit may 
potentiate the development of a hemorrhagic infarct. This 
entity had been reported in 1964 by Wylie et al’ after CA 
revascularization for acute thrombotic strokes. Subse- 
quently, Bradley,* in 1973, documented that a hemorrhagic 
cerebral infarct occurred in two patients who had a pene- 
trating CA injury repaired despite a neurologic deficit. He 
Tt 0 dos sein WS HUE SAPE 


Accepted for publication May 18, 1988. 

From the Department of Surgery, Los Angeles County-University of 
Southern California Medical Center, Los Angeles. 

Read before the 59th Annual Meeting of the Pacific Coast Surgical 
Association, San Francisco, Feb 23, 1988. 

Reprint requests to Department of Surgery Room 9442, LAC/USC 
Medical Center, 1200 N State St, Los Angeles, CA 90033 (Dr Weaver). 


1106 Arch Surg— Vol 123, Sept 1988 


concluded that the majority of morbidity and mortality 
after repair of these injuries resulted from hemorrhagic 
infarction. 

Because of these reports, the proper role of arterial 
reconstruction in the treatment of penetrating extracranial 
internal and common CA injuries has remained controver- 
sial. Many authors continue to support the preferential use 
of CA ligation in patients presenting with a neurologic 
deficit.^* More recently, collected reviews and large insti- 
tutional studies have taken an opposing view and adopted 
aggressive use of arterial reconstruction for all patients 
with CA injuries.*?? Results of their retrospective analyses 
strongly suggest that when grouped by either the presence 
or absence of neurologic deficit, those groups in which 
arterial flow is restored have less morbidity than those 
without restoration of flow They have also advocated 
increasingly complex techniques in an attempt to extend 
the surgeon's ability to reconstruct all penetrating extra- 
cranial CA injuries." Finally, the recent suggestion that 
a highly select group of nonocclusive CA injuries may not 
require arterial repair and are best managed nonopera- 
tively has stimulated further controversy in the manage- 
ment of these injuries." 

Ultimately, the therapeutic utility of arterial reconstruc- 
tion in penetrating CA trauma is measured by neurologic 
outcome and survival. This report is a retrospective review, 
encompassing the past 12 years of our institutional expe- 
rience with penetrating CA trauma. During this time, 
arterial reconstruction, CA ligation, and nonoperative 
management of occlusive and nonocclusive injuries have 
been employed. A comparative analysis of these methods 
and their impact on neurologic outcome and survival has 
been performed in an attempt to determine when arterial 
reconstruction is desirable and when alternative therapeu- 
tic options should be preferentially used. 


PATIENTS AND METHODS 


Between 1975 and 1987, 80 patients with 85 penetrating injuries 
to the extracranial common carotid artery (CCA) and internal 
carotid artery (ICA) have been treated at the Los Angeles County- 
University of Southern California Medical Center. Seventy-three 
patients (91%) were male. The patients’ ages ranged from 8 to 89 
years, with a mean of 28 years. A rifle or handgun (n=55) or 
shotgun (n=6) was responsible for the majority (76%) of the 
injuries. A knife or other penetrating object accounted for the 
remaining 19 injuries (24%). 

At the time of admission, 12 patients (15%) were hypotensive 
(systolic blood pressure, <90 mm Hg). Active external hemor- 
rhage was present in 20 patients (25%). Emergency intubation or 


Arterial Reconstruction—Weaver et al 


^. 


tracheostomy was necessary in 18 patients (22%) due to an 
expanding cervical hematoma with tracheal compression or direct 
injury to the larynx or pharynx. Associated injuries to the 
esophagus, thorax, abdomen, pharynx, or larynx were present in 
ten patients (1396). A neurologic deficit due to direct nerve, spinal 
cord, or intracranial injury was found in 24 patients (30%). 

An isolated CCA injury occurred in 43 patients (54%) and an 
isolated ICA injury in 32 (4096). Bifurcation injury, with ipsilateral 
ICA and CCA involvement, was present in four patients (5%). 
Bilateral CCA injuries occurred in one patient (1%). Forty-seven 
injuries involved the right CA and 38 involved the left. Other 
extracranial arteries were injured in 13 patients (16%). In all, 100 
cervicocerebral arterial injuries occurred in the 80 patients. An 
arteriovenous fistula to the internal jugular vein was found with 
six injuries. 

On admission, a discrete neurologic deficit consistent with a 
contralateral CA injury was present in 18 patients (23%). Twelve 
(15%) of these patients were hemiplegic; six (8%) had a partial 
upper- and/or lower-extremity deficit. One patient with hemiplegia 
was comatose. Nine patients (11%) exhibited an altered sensorium 
(lethargy, confusion, combativeness) without a lateralizing neu- 
rologic deficit. Fifty-three patients (66%) did not have a neurologic 
deficit referable to a contralateral CA injury. 

Immediate operative management was required in 13 patients 
(16%) to control active bleeding or a rapidly expanding cervical 
hematoma. Sixty-two (93%) of the remaining 67 patients under- 
went diagnostic angiography before definitive management. The 
indication for angiography in the majority of patients was the 
presence of a penetrating injury to the upper thorax, neck, or 
head in proximity to any major vessel. The remaining five patients 
with midcervical injuries underwent operation without diagnostic 
angiography. 

Management of the 80 patients could be categorized into one of 
three groups: group 1, patients who underwent arterial repair 
restoring or maintaining prograde flow through the injured CA; 
group 2, patients who had either operative exploration with CA 
ligation or nonoperative management of a CA occlusion; and group 
3, patients with minor nonocclusive injuries demonstrated angio- 
graphically and managed nonoperatively. 

In group 1, arterial reconstruction was performed in 54 patients 
with 55 CA injuries. An occlusive CA injury was present in seven 
patients; a nonocclusive CA injury (pseudoaneurysm, stenosis, 
laceration, intimal flap) was present in the remainder. Forty-nine 
operations were performed emergently or soon after angiography, 
while five operations were delayed from one to four weeks. Types 
of repair included end to end (n=15), vein or prosthetic patch 
(n= 14), lateral (n= 12), saphenous vein interposition (n=7), pros- 
thetic interposition (n 43), external CA-ICA interposition (n =3), 
and extracranial-intracranial bypass (n= 1). 

Systemic anticoagulation with intravenous heparin sulfate (5000- 
to 7500-U intravenous bolus) was used in 37 patients (69%) during 
arterial repair. An indwelling carotid shunt was placed during 24 
repairs (44%). Use of completion angiography to assess the 
technical adequacy of repair was performed on 28 occasions (52%). 

In group 2, 18 patients did not have flow reestablished through 
the injured CA. Nine patients had an occlusive CA lesion on 
angiography and were managed nonoperatively. Eight patients 
underwent operative exploration and CA ligation only. Ligation 
was performed in six of the eight patients because of CA throm- 
bosis. In the other two patients, both with contralateral deficits, 
the CA was ligated because of concern that arterial reconstruction 
would potentiate a hemorrhagic cerebral infarction. One patient 
had a 4-cm pseudoaneurysm in the distal extracranial ICA angio- 
graphically occluded with an intravascular balloon ten days after 
the injury. 

In group 3, eight patients had intimal irregularity or small 
pseudoaneurysms (<5 mm) demonstrated angiographically. All 
injuries were nonocclusive and managed nonoperatively. Anti- 
platelet agents were used in the majority of cases. Follow-up 
angiography was performed in six of the eight patients. 

To assess and compare the neurologic outcome and survival 
referable to the CA injury, a quantitative scale designated the 
Carotid Neurologic Score (CNS) was developed. There are three 
principal components to the CNS—Neurologic Outcome Relative 
(NOR), Neurologic Outcome Absolute (NOA), and Death (DED). 
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Table 1.—Penetrating Carotid Artery Variables 


Demographic variables 
Age 
Sex 
Race 
Year of injury 
Injury variables 
Penetrating object (knife, shotgun, gun, other) 
Artery (internal carotid, common carotid; left, right) 
Hypotension 
Respiratory distress 
Hemorrhage 
Associated injuries 
Other arteries (external carotid, vertebral, subclavian) 
Neurologic (normal, mental status, partial deficit, hemiplegia) 
















The NOR is defined as the neurologic status at discharge or death 
after treatment compared with the initial or baseline neurologic 
examination. The NOR was determined by classifying the initial 
examination and the examination at discharge or death as one of 
the following: normal, mental status change only, partial contra- 
lateral deficit, or contralateral hemiplegia. Mental status change 
was considered the mildest deficit and hemiplegia the most severe. 
The two examinations were then compared and the NOR was 
scored for each patient as either worse (0), the same (1), or 
improved (2). The NOA is defined as the absolute or final neurologic 
status at discharge or death after treatment. If a contralateral 
neurologic deficit or altered sensorium was present, this was 
scored as 0. Normal mental status and a normal contralateral 
neurologic examination was scored as 1. The third component is 
death from any cause and is equal to —1. For each patient, the 
CNS was determined by the simple sum of these three components. 
The CNS scale ranged from —1 to +3. The higher the number, 
the more favorable the outcome. For example, — 1 would represent 
a patient whose neurologic status was worse, who had a deficit, 
and who died. Conversely, +3 signifies a patient whose neurologic 
status improved, who had normal neurologic examination results, 
and who survived. All other combinations fell between these two 
extremes. 

The CNS for each patient and the mean CNS of all patients in 
each treatment group were calculated. The Student t test was 
performed to statistically analyze the differences in the mean CNS 
of the three treatment groups. 


RESULTS 


The demographie and injury variables identified and 
analyzed for each patient with a carotid injury are listed 
in Table 1. No significant differences between groups 1, 2, 
and 3 were present with regard to the demographic 
variables. Of the injury variables, groups 2 and 3 had a 
slightly higher incidence of ICA injuries compared with 
group 1. Group 2 had more left-sided CA injuries. There 
were no differences between groups 1 and 2 with regard to 
the other injury variables. Group 3, because of the less 
severe nature of the CA injury, had a lower incidence of 
these injury variables and more favorable initial neurologic 
examination findings. 


Group 1 


For the 54 patients in group 1, preoperative neurologic 
status is displayed in Table 2. After arterial reconstruction, 
the NOR was the same in 41 patients, improved in nine, 
and worse in four (Table 3). Forty-four patients had no 
residual deficit (Table 4). Three patients died. The mean 
(x SD) CNS was 1.9+0.8 for all 54 patients in this group, 
1.71.36 for those 17 patients who had a preoperative 
deficit, and 1.57 + 1.4 in the seven patients with occlusive 
injuries. 

Complications after arterial reconstruction included 
pneumonia (n=2), pneumothorax (n=1), wound infection 


Arterial Reconstruction—Weaver etal 1107 


Table 2.—Initial Neurologic Examination Findings for Three Treatment Groups* 


Neurologic Examination Findings, No. (%) of Patients 


niii ——————————————————————————————————————————————— 


Partial Contralateral 
Deficit 


Intact 
Contralateral 


Mental Status 
Change 


Contralateral 
Hemiplegia 


1 37 (46) 3 (4) 9 (11) 5 (7) 54 (68) 
2 10 (13) 3 (4) 3 (4) 2 (2) 18 (23) 
3 6 (7) 2 (2) 8 (9) 


Total 53 (66) 6 (8) 
*See "Patients and Methods" section for explanation of groups. 





(n=1), atelectasis (n=1), sacral decubitus (n=1), and a 
lower-extremity venous thrombosis (n=1). Two patients 
deteriorated neurologically after arterial reconstruction 
but survived. One patient had normal neurologic exami- 
nation findings prior to operation. A saphenous vein inter- 
position graft was used to repair a right CCA thrombosis. 
Postoperatively, he developed bilateral upper-extremity 
weakness. A computed tomographic scan of the head three 
days after operation demonstrated a right parietal infarct 
without associated hemorrhage. A second patient with an 
altered mental status underwent operation for a nonocclu- 
sive CCA injury. After placement ofa carotid shunt through 
the point of injury, the patient developed hypotension that 
lasted 45 minutes. Postoperatively, he had a left-sided 
hemiplegia. 

Three patients died, two of whom deteriorated neuro- 
logically after surgery. One patient with hemiplegia and a 
left ICA occlusion underwent ICA reconstruction via a 
saphenous vein interposition graft. He deteriorated neu- 
rologically two days after surgery and died. Autopsy 
demonstrated a patent graft, massive cerebral edema, and 
uncal herniation; there was no evidence of hemorrhagic 
infarction. A second patient exhibited an altered sensorium 
before surgery. Preoperative angiography demonstrated a 
left ICA injury with a 50% narrowing. After repair with a 
saphenous vein interposition graft, the patient was neuro- 
logically intact. One day after surgery, he rapidly deterio- 
rated neurologically and died. Autopsy demonstrated an 
occluded arterial repair, anoxic cerebral injury, and cere- 
bral edema. A third patient sustained a CCA injury and 
multiple associated injuries. She presented neurologically 
intact but with hypotension and ongoing hemorrhage. An 
emergency operation was performed with lateral repair of 
a lacerated left CCA. She was neurologically intact post- 
operatively but developed progressive pulmonary insuffi- 
ciency and died 13 days after surgery. 


Group 2 


The initial neurologic status of the 18 patients in group 
2 is tabulated in Table 2. At discharge, 13 patients were 
neurologically the same, one was improved, and four had 
deteriorated (Table 3). Ten patients were neurologically 
intact (Table 4), and two patients died. In the 18 patients 
in this group, the mean CNS was 1.3+ 1.13. The CNS for 
those eight patients with an initial neurologic deficit was 
0.75+1.17. The CNS for 15 patients with carotid throm- 
bosis was 1.5+0.98. 

Complications in this group included two wound infec- 
~ tions, two pneumonias, and one pulmonary embolus. Two 
patients had a deterioration of their neurologic status but 
survived. One patient had an altered mental status, and an 
angiogram demonstrated a left ICA occlusion; he was 
managed nonoperatively. Four days after the injury, he 
developed the abrupt onset of right-sided hemiplegia that 
did not resolve. A second patient was combative and 
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12 (15) 9 (11) 80 (100) 






Table 3.—Neurologic Outcome Relative* 









Neurologic Outcome, No. of Patients 


Group Improved Same Worse All 


*See "Patients and Methods" section for explanation of Neurologic 
Outcome Relative. 





Table 4.—Neurologic Outcome Absolute* 











Neurologic Outcome, No. of Patients 


Group Normal Deficit All 


*See "Patients and Methods" section for explanation of Neurologic 
Outcome Absolute. 





Table 5.—Carotid Neurologic Score* 


Initial Carotid 
Group All Deficit Thrombosis 
1 1.9+0.8 1.7 x 1.36 1.57 +1.14 
2 1.3+1.13 0.75+1.17 1.5+0.98 


P=.05T (i'd m 
3 2.3+0.35 "TY "o 


*See "Patients and Methods" section for explanation of Carotid Neurologic 
Score. Scores are given as mean + SD. 
tP<.05. 


confused but had no discrete neurologic deficit contralat- 
eral to the CA injury. Exigent hemorrhage from the neck 
wound was present. Emergency neck exploration demon- 
strated a lacerated left CCA without occluding thrombus. 
Due to the concern of creating a hemorrhagic infarction, 
arterial continuity was not restored, and the left ICA was 
ligated. Postoperatively, the patient exhibited right-sided 
hemiplegia. 

Two patients died, both of whom had deteriorated neu- 
rologically. One patient with normal neurologic examina- 
tion findings had a right ICA occlusion demonstrated by 
an angiogram; he was not operated on. He died two days 
after the injury after acute neurologic deterioration. Au- 
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topsy demonstrated propagation of fresh thrombus into 
the right middle cerebral artery and a massive ischemic 
hemispheric infarction. The second patient was admitted 
with a partial right upper- and lower-extremity deficit. An 
angiogram demonstrated a large middle-left ICA pseudo- 
aneurysm. At operation, there was concern that recon- 
struction might produce a hemorrhagic infarction. The 
ICA was ligated. He deteriorated neurologically and died 
eight days after surgery. Autopsy demonstrated diffuse 
anoxic cerebral injury. 


Group 3 


Admission neurologic examination findings for the eight 
patients in group 3 are found in Table 2. At discharge, the 
original mental status changes present in two patients had 
resolved (Table 3). All eight patients were neurologically 
normal on discharge (Table 4). The mean CNS was 
2.3+0.35. One patient developed a neck abscess that was 
drained and healed. There were no other complications or 
deaths. Six patients had angiography one week after injury. 
Repeat angiogram six weeks after injury was performed 
in three patients. At one week after the injury, the area of 
intimal injury was markedly improved in all patients. 
Complete resolution of intimal abnormalities and/or false 
aneurysms was demonstrated on all angiograms at six 
weeks (Fig 1). In no instance had the injury progressed. 
With one exception, all patients were neurologically stable 
when examined from three weeks to six months (mean, 
three months) after injury. A single patient developed 
right-sided upper-extremity weakness and expressive 
aphasia one month after a distal left ICA injury. 

Comparison of the CNS for groups 1, 2, and 3 found 
group 1 CNS to be significantly higher than that of group 
2 (P=.017). This was also true when comparing group 3 
with group 2 (P=.05). Analyzing only those patients in 
groups 1 and 2 with a neurologic deficit on initial exami- 
nation, the mean CNS was higher in group 1 compared 
with group 2, but this did not attain statistical significance 
(P=.10). Finally, the CNS was slightly higher in group 1 
compared with group 2 when considering only those pa- 
tients with occlusive CA injuries. This, however, was not 
significant (P =.92) (Table 5). 


COMMENT 


Results of treatment in penetrating CA injuries are 
measured by neurologic outcome and survival. The CNS 
was developed to provide a quantitative measure of these 
two outcomes. It was used to compare three types of 
treatment used at our institution during the past 12 years. 
We have not had a precise protocol or set of guidelines for 
treatment. Decisions regarding therapy reflect the various 
treatments advocated for these injuries during this period. 
Recently, revascularization has been used in all patients 
whose injuries can be repaired. We have also recognized 
that selected nonocclusive injuries may not require opera- 
tion. 

What is clear from this analysis is that reconstruction of 
CA injuries, restoring or maintaining prograde arterial 
flow, resulted in a significantly higher CNS than alternative 
forms of management in which CA flow is not reestablished 
or maintained. The benefits of reconstruction were also 
evident in those patients with an initial neurologic deficit. 
Although statistical significance was not achieved in this 
subset of patients, there was a strong trend in this 
direction, with near significance at .10. Moreover, neuro- 
logie outeome in patients with occlusive injuries was 
comparable with or without arterial reconstruction. Stated 
another way, neurologic outcome and survival were not 
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compromised or worsened by restoration of arterial blood 
flow. These findings agree with those of recent studies that 
found arterial reconstruction to be the optimal form of 
treatment for CA injuries, even with moderate to severe 
neurologic deficits.'^'!5 However, unlike many of the au- 
thors of these studies, we suggest that arterial repair also 
be employed in treating those patients who present in 
coma. Although the case of the single comatose patient in 
our series who survived following CA ligation does not 
support this contention, the review by Unger et al? of 38 
cases of coma from the literature found no evidence to 
support withholding arterial reconstruction in this group. 

The reason to avoid revascularization in the presence of 
a severe neurologic deficit has been the fear of transforming 
an ischemic infarct into a hemorrhagic one. Of note, no 
deaths in this series resulted from hemorrhagic infarction, 
despite arterial reconstruction in 17 patients with a neu- 
rologic deficit. It is apparent that this concern must be put 
into perspective. How often does it occur? 

In Bradley's* original article, two patients were found to 
have hemorrhagic infarction at autopsy after arterial re- 
pair. He inferred from this autopsy evidence that three 
other patients who died and did not have a postmortem 
examination also died of this complication. More recent 
reports, notably that of Ledgerwood et al, have not 
documented a high incidence of hemorrhagic infarction at 
autopsy. Their autopsy findings were similar to ours, with 
cerebral ischemia, cerebral edema, uncal herniation, and 
anoxie encephalopathy being the primary causes of death. 
Hemorrhagic cerebral infarction was not observed. In 
addition, hemorrhagic infarction cannot be implicated in 
two patients from our series who, after arterial repair, 
deteriorated neurologically but survived. These findings 
suggest that the major determinant of morbidity and 
mortality in these injuries is the ischemic insult, not 
reperfusion hemorrhage. Hemorrhagic infarction most cer- 
tainly can occur but is far less common than originally 
believed. 

As with this series of patients, many other reports 
demonstrate an improved neurologic outcome in patients 
with an initial neurologic deficit who undergo CA repair. 
Trauma surgeons and neurologic surgeons have long rec- 
ognized that dense hemiparesis after CA occlusion is often 
rapidly reversed after restoration of CA blood flow. Dense 
hemiparesis is not synonymous with irreversible cerebral 
ischemia or cellular death. Hypoperfusion may lead to 
cellular hypofunction and, if not corrected, may ultimately 
result in cell death. In this context, the concept of a 
“cerebral ischemic penumbra” is pertinent. Meyer et al" 


have proposed that a zone of reversible neuronal ischemia, - 


the “ischemic penumbra,” surrounds the area of irreversi- 
ble cell damage. This ischemic penumbra is characterized 
by electrical failure, but not irreversible membrane failure, 
and cell death. Thus, electrical failure manifested clinically 
by a neurologic deficit may improve or resolve entirely 
with restoration of normal perfusion. 

Meyer and colleagues'? found that angiographic demon- 
stration of collateral flow was a predictor of reversible 
ischemia and of a favorable neurologic outcome in patients 
with acute CA occlusion and stroke. This concept may be 
applieable to patients with CA injuries, and future pro- 
spective studies should focus on the predictive value of 
angiographie collateral patterns, enhanced computed to- 
mographic scans, or possibly magnetic resonance imaging 
in identifying those patients with reversible ischemia who 
will respond favorably to revascularization. 

In eontrast to the patient with a neurologic deficit is the 
patient with an angiographically demonstrated CCA or 
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ICA occlusion and who is intact neurologically. One could 
rationalize that in the absence of CA flow, these asympto- 
matic patients are best treated by nonoperative manage- 
ment or operative intervention with CA ligation only. This 
is especially true in distal ICA injuries for which exposure 
and repair can be extremely difficult and complex. How- 
ever, one patient managed in such a fashion died of a 
massive ischemic stroke due to propagation of thrombus in 
the ICA. Although thrombus propagation and embolization 
have been discussed as theoretic risks, this case documents 
that it is a catastrophic reality. Ideally, all CA occlusions in 
the neurologically intact patient should be repaired. How- 
ever, recognizing the technical complexity of many distal 
ICA repairs, it would seem prudent to explore and recon- 
struct all injuries when simple vascular techniques will 
suffice. In those occlusive injuries in which diagnostic 
angiography demonstrates distal ICA involvement or at 
operation cannot be repaired simply, ligation is acceptable. 
In these instances, we recommend the pharmacologic 
inducement of mild systemic hypertension for 48 hours 
after injury to promote and recruit collateral flow and 
lessen the risk of thrombus propagation. 

Some penetrating injuries to the CCA and ICA caused 
by small, low-velocity missiles produce minimal intimal 
irregularity or small pseudoaneurysms. Sclafani et al" 
were the first to suggest that such injuries can be treated 
safely nonoperatively. It is in these patients that diagnostic 


angiography is of utmost benefit in identifying the minor 
injury. Based on this benefit, and to identify otherwise 
unsuspected injuries, we suggest diagnostic angiography 
for all patients who are hemodynamically stable and who 
have a penetrating injury to the head, neck, or upper 
portion of the chest. 

The expectant management of these injuries should 
include the use of serial angiography. This will identify 
those injuries that do not resolve and require operative 
management. Empirically, we have employed repeated 
angiography at one and six weeks after injury with satis- 
factory results. The single instance of morbidity in this 
treatment group occurred earlier in our experience when 
serial angiography was not employed. 

The optimal form of treatment for patients with pene- 
trating CA trauma is arterial reconstruction. The presence 
of a neurologic deficit and concern about subsequent 
hemorrhagic infarction should not alter this approach. 
Hemorrhagic infarction may occur, but not as frequently 
as previously believed. The only exceptions to the tenet of 
arterial reconstruction are the patient with a normal 
neurologic examination and a CA occlusion that requires a 
complex arterial repair, and the patient with a minimal CA 
injury caused by a low-velocity missile. All patients with 
minimal injuries managed expectantly should be followed 
up with serial angiography to document arterial healing or 
detect the need for operative intervention. 
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Discussion 


RoBERT C. Lim, Jr, MD, San Francisco: The authors make a 
major contribution in the analysis of the management of CA 
injuries and point out that CA injuries can be repaired safely. 
Their patients were divided into three groups depending on the 
mode of management, and their outcomes were analyzed statisti- 
cally. I have some reservations about grouping them in such a 
manner. 

Injuries to the CCA are different from injuries to the ICA. The 
latter directly affect the blood supply to the cerebral hemisphere, 
whereas the former do not impact cerebral blood flow as much 
because of the cross flow between the external CA and the ICA at 
the bifurcation. One can often manage external CA or CCA lesions 
by a direct approach with minimal morbidity compared with 
injuries of the ICA. 

The authors describe 43 patients with isolated CCA injuries and 
32 patients with isolated ICA injuries. It is important for them to 
separate the outcome of these two subgroups. 

The authors’ liberal use of diagnostic angiography differs from 
our approach. We obtained preoperative angiograms in only 24 of 
100 consecutive patients with cervical-thoracic injuries. We per- 
form angiography depending on the location of the injury by zones 


1110 Arch Surg—Vol 123, Sept 1988 


of the neck. Zone 1 is the base of the neck, zone 2 the area between 
the angle of the mandible to the base of the neck, and zone 3 
cephalad from the angle of the mandible. In the stable patient, 
angiography is done for injuries in zones 1 and 3. In zone 2 
injuries, it is based on clinical suspicion. Most of these injuries 
can be explored safely and treated without angiography. However, 
I believe that an angiogram in zone 2 can be very helpful and 
reassuring to the operating surgeon. I agree with the authors in 
the liberal use of preoperative angiography—when it is easily 
available. 

The controversial point of this report is how one should treat 
the patient with CA injuries in whom a neurologic deficit exists. 
Dr Cohen, in 1971, suggested ligation be done. Several years later, 
Bradley demonstrated in two autopsies hemorrhagic infarcts from 
carotid artery repair. To date, I believe that there are very few 
postmortem data available to truly convince us that ligation should 
always be done in patients with a neurologic deficit. In the clinical 
setting, one cannot determine preoperatively which patient has 
ischemia, which would be helped by revascularization, and which 
patient has an infarct that would not benefit from revasculariza- 
tion, 
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Therefore, in patients with CA injuries and stable vital signs 
and who have lesions that are technically feasible, I believe repair 
probably should be done as advocated by the authors. 

I have two questions: What are your criteria for preoperative 
angiography or do you perform angiography in all patients rou- 
tinely? What are the outcomes of isolated CCA injuries and 
isolated ICA injuries, and is there a difference? 

ARTHUR COHEN, MD, Tiburon, Calif: A presentation Dr Carlton 
Mathewson and I made to this Association some years ago has 
been referred to. Although 82 of our 85 cases were the results of 
combat wounds sustained in Vietnam, we agree with the authors 
in certain areas but do not accept other recommendations made 
by them. 

We believe that it is important to separate these injuries into 
two groups—those with and those without neurologic impairment 
caused by the trauma. The majority of our patients (90%) fell into 
the latter category despite the presence of associated injuries that 
caused hypotension, decreased cardiac output, and reduced oxy- 
genation of blood. These are all factors that should increase the 
incidence of cerebral ischemia. In addition, a number of patients 
underwent prolonged cross-clamping time (60 minutes) during CA 
repair without the use of shunts. No untoward effects occurred 
during the perioperative or in the postoperative periods. Four 
patients had ICA damage that required ligation. All were neuro- 
logically intact on admission and retained that status postopera- 
tively. We concluded that effective collateral circulation provided 
adequate protection to this group of patients even in the presence 
of factors that produce cerebral ischemia. No late neurologic 
changes have been noted in the 56% of patients followed up by the 
Vascular Registry. 

Ten percent of our cases presented with neurologic defects; this 
is the group around which controversy exists. As stated by the 
authors, optimal management of this category of patients remains 
an enigma. Three of eight patients admitted with neurologic 
impairment died of progressive cerebral vascular damage after 
arterial reconstruction. Two patients showed an increase in their 
deficit following repair. One patient’s condition remained un- 
changed after surgery, while two patients reversed their deficit 
and regained normal function, The distressing clinical response of 
the six patients was thought to be due to the conversion of anemic 
infarcts into the hemorrhagic type, but this is not certain. If the 
puzzle presented by this set of patients is to be solved, additional 
technology must be developed to help delineate those patients 
who may be harmed rather than helped by arterial reconstruction. 

We have some reservation about the authors’ conservative 
approach to some penetrating injuries of the neck and limited 
internal damage. The occasional innocuous appearance of the 
wound and the absence of findings suggestive of vascular injury 
may mask a potentially dangerous situation. Delayed exsangui- 
nating hemorrhage may occur, and in other situations fatal airway 
obstruction is a possibility. Minimal intimal irregularities are not 
satisfactory following carotid endarterectomy. One wonders 
whether they should be acceptable in trauma situations. 

Roy L. Tawes, MD, San Mateo, Calif: Dr Yellin’s group 
challenges our teaching that if you have a patient with a fixed 
deficit, you do not operate. It is perplexing what to do with these 
people. We really do not have a lot to lose in many cases. 

I would like more discussion about the technique of managing 
these patients with fixed deficits. Do you use stump pressures? 
Do these patients have continuous electroencephalographic moni- 
toring during the course of the reconstruction? Have you had 
occasion to pass No. 2 Fogarty thrombectomy catheters up to the 
siphon and remove clots? I would assume completion angiography 
is routine, as well as preoperative angiography. 

How do we assess the time when the brain is ischemic or 
infarcted? That is a question I have never quite been able to 
answer. Many of these are young people at the peak of their 
productive lives. I would like to hear your comments on how to 
manage this problem. Particularly in the state of California, when 
you operate it is an act of commission rather than omission, with 
medicolegal implications. 

STEVEN N. Parks, MD, Fresno, Calif: I have had two patients 
with devastating neurologic consequences. One had a CCA injury, 
and the other had an ICA injury. Both had had preoperative 
cardiac arrests and were resuscitated and then revascularized. 
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One died and one remained comatose. Cardiac arrest may have 
had something to do with this outcome. 

In your nonoperative management of injuries with occlusion, do 
you have to explore them because they are going to blow out that 
clot or get a false aneurysm or an arteriovenous fistula. Did any 
of these things occur in your patients? 

Dr YELLIN: Surgical management of CA injuries has come full 
circle during the past 30 years. In the 1950s and 1960s, surgeons 
began to advocate routine repair of all CA injuries. In the 1970s, 
because of concern about hemorrhagic infarction, some occluded 
CAs were not repaired. Now, repair of all such injuries is being 
proposed again. Numerous articles have been published in support 
of these therapies, but they have been retrospective analyses and 
usually represented philosophie surgical attitudes not always 
supported by data. The ultimate obvious end point in treatment 
of such injuries is patient survival and neurologic outcome. This 
study attempts to quantify outcome and survival with a numeric 
scoring system, the CNS, which can be used by others to analyze 
their treatment methods and results. This might provide a more 
factual method to evaluate future trends in therapy. 

Using the CNS and looking at our data plus the data of others, 
certain points seem evident. One cannot accurately assess the 
degree of fixed neurologic deficit in a hypotensive patient. Repair 
should be attempted in hypotensive, or otherwise asymptomatic, 
neurologically intact patients with an occluded CA, which is Dr 
Parks' point. Thrombus in an unrepaired occluded CA can propa- 
gate and cause massive stroke, and did so in one of our patients. 
If repair cannot be achieved, the CA should be ligated as high as 
possible. Patients with mild, moderate, or severe neurologic 
deficits, with or without CA occlusion, collectively have greater 
neurologic improvement when prograde CA flow is restored or 
maintained. Hemiplegia is not synonymous with neuronal electri- 
cal failure and is reversible following restoration of blood flow. As 
yet, there is no accurate way to preoperatively prediet neuronal 
failure or death. Therefore, since reperfusion hemorrhagic cere- 
bral infaretion is a highly unlikely sequela, we suggest that 
revascularization be attempted even in comatose patients. 

Dr Lim, our analysis of variables did not show any difference in 
outcome in those patients with ICA as opposed to CCA injuries. 
Of note, patients who were heparinized did better neurologically, 
and there were no deleterious effects from anticoagulation. Re- 
garding angiography, in the hemodynamically stable patient, we 
now routinely perform angiography, even in those with midcervical 
or zone II injuries. A normal angiogram enables us to avoid 
operating on patients with zone II injuries; more importantly, it 
enables us to identify unsuspected injuries, complex injuries, or 
aberrant vascular anatomy in patients needing surgery. It might 
also identify an injury in a noncritical artery that can be best 
treated by embolization. 

Dr Cohen, before we elect to observe a “minimal” CA injury, we 
attempt to rule out any esophageal injury by fiberoptic endoscopy 
and/or esophagram. The patient must have an intact airway and 
should not have any other injury that would otherwise mandate 
surgery. Additionally, the CA injury must be due to a low-velocity 
missile, have a pseudoaneurysm of 5 mm or smaller, or have a 
minimal intimal crack without a flap and no evidence suggestive 
of major injury, such as bruit or hematoma. These injuries might 
be analogous to those caused by percutaneous angiography, which 
invariably creates small pseudoaneurysms that invariably heal 
without complications. 

Dr Tawes, we have not had occasion to do intraoperative 
electroencephalographic monitoring or stump pressure determi- 
nations in our trauma patients with neurologic deficits. If they 
have an occluded CA we attempt to very gingerly extract distal 
clot with a thrombectomy catheter. We advocate completion 
angiography. Although we did not demonstrate that CA shunts 
improve outcome, we do use them, particularly in those cases in 
which we clamp a previously nonoccluded ICA. We attempt to 
maintain mild hypertension to increase perfusion. We do not know 
whether some of the ultimate neurologic deficit represents a 
reperfusion injury leading to cerebral edema. We do not yet know 
whether adjuvants such as high-dose steroids, oxygen-derived 
free radical scavengers, mannitol, dextran 40, barbiturate coma, 
or other pharmacologic agents might improve outcome. 
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Strong, yet supple; bloodtight, yet 
porous — the GORE-TEX® Vascular Graft 
is a complex replacement in a complex 
system. 

PTFE for the GORE-TEX Vascular Graft 
undergoes a longitudinal expansion 
process forming the node-and-fibril struc- 
ture of the graft wall. A thin, highly-porous 
PTFE film is then circumferentially applied 
to the graft’s outer surface. This reinforces 
the wall — acting in much the same way 
as the adventitia of the natural vessel. 
Only GORE-TEX Vascular Grafts are fabri- 
cated in this manner, resulting in: 

B Superior handling — as exemplified by 
the suppleness of the Thin Walled 

GORE-TEX Vascular Graft. 


B Unexcelled multi-directional strength — 
to resist suture pullout, aneurysm, 
bursting or "zippering. 

E Porosity, inertness and biocompatibility 
— to allow cellular ingrowth and pro- 
mote first-rate performance. 
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WORLDWIDE 


D Please send me a complete bibliography on 
GORE-TEX Vascular Grafts 

D Please have your representative call for 
an appointment. 
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Address 

City 

State Zip 
Surgical Specialty Phone 


Hospital Affiliation 


For ordering or further information 

call: 800-528-8763 

W. L. Gore & Associates, Inc., Post Office Box 1220, 
Route 213 North, Elkton, MD 21921 


* GORE-TEX is a registered trademark of W. L. Gore & Associates, Inc. 
* 1988 W L. Gore & Associates, Inc. 
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Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 
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CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
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CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
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Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
Severe cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 
Cin, as indicated. Isolation of the patient may be advisable. Other causes of colitis should also 
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Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
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Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 


Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 
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or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—t is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Safety and effectiveness in infants and children below 12 years of age have not 
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Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
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pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
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salivation; CNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
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hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
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Required Surgical Therapy in the 


. Pediatric Patient With Dermatomyositis 


Earl C. Downey, Jr, MD; Morton M. Woolley, MD; Virgil Hanson, MD 


e A review of 96 patients with the established diagnosis of 
childhood dermatomyositis revealed that 15 patients required 
surgical therapy in addition to diagnostic biopsy. Four of the 
patients had perforation of the esophagointestinal tract, and 
11 required surgical therapy for abscesses, calcific deposits, 
or treatment of pneumothorax. The life-threatening lesions 
were perforations of the esophagus and intestine. The best 
surgical therapy is closure, resection, and adequate drainage. 
Prognosis depends on treatment of the underlying medical 
disease. 

(Arch Surg 1988;123:1117-1120) 


hildhood dermatomyositis (CDMS) is a multisystem 
disorder primarily characterized by nonsuppurative 
inflammation of skin and striated muscle. The inflamma- 
tory response is due to diffuse angiopathy of small arteries, 
venules, and capillaries of the skin, muscle, fat, nerves, 
and gastrointestinal tract.! The clinical diagnosis is estab- 
lished by the appearance of proximal muscle weakness, 
periorbital edema, and characteristic heliotrope rash over 
the malar eminences and extensor surfaces of the extrem- 
ities.2 The currently accepted therapy is administration of 
anti-inflammatory agents such as prednisone, methotrex- 
ate, and, more rarely, azathioprine. Prognosis in the 
individual patient is not predictable. If the vasculitis is 
controlled by the medical therapy, the patient’s condition 
improves. If the vasculitis persists or worsens, the patient 
develops areas of ulceration, calcification, and possibly 
infarction. Those patients who develop calcinosis, joint 
contractures, skin ulcerations, perforation of the gastroin- 
testinal tract, and pulmonary fibrosis may be chronically 
debilitated at best and may have life-threatening sequelae 
at worst.‘ Surgical intervention, when necessary, is instru- 
mental in relieving debilitating pain and may be lifesaving. 
The purpose of this article is to report the experience of 
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surgical therapy in patients with CDMS at the Children’s 
Hospital of Los Angeles. 


PATIENTS 


The charts of 96 patients with CDMS who were treated at the 
Children’s Hospital from 1958 to 1985 were reviewed. All of the 
patients met the clinical criteria for the diagnosis of CDMS, ie, 
proximal muscle weakness associated with the characteristic 
heliotrope rash of the face. Findings of appropriate laboratory 
studies and muscle and skin biopsies were supportive of the clinical 
diagnosis. Those patients with overlap syndromes, such as lupus 
erythematosus and polyarteritis, are not included in this study. 
Patients requiring surgical intervention for therapy were reviewed 
in detail and form the basis of this presentation. The surgical 
procedure or procedures, clinical course, and pathologic findings 
are delineated. 


REPORT OF CASES 


Gastrointestinal tract perforations are surgically treatable, life- 
threatening lesions. Four children had six episodes of gastrointes- 
tinal tract perforations. 

Case 1.—A 5-year-old girl had the clinical onset of CDMS in 
December 1970, at which time prednisone therapy was instituted. 
Three months later, she developed a pararectal mass, which by 
needle biopsy was diagnosed as “hemorrhagic fat necrosis.” Anti- 
biotic therapy was added to the prednisone therapy. One week 
later, she developed abdominal pain. Two weeks later, on March 
31, 1971, she had roentgenographic evidence of free intraperito- 
neal gas. At surgical intervention, the hepatic flexure was exteri- 
orized because of two perforations. A small necrotic focus of the 
transverse colon was imbricated. The patient's postoperative 
course was stormy and included anemia, hypertension, coma, and 
seizures. Following appropriate symptomatic supportive therapy, 
the patient's condition gradually improved and her severe central 
nervous system symptoms disappeared. On May 13, 1971, a left 
lower quadrant abscess was incised and 100 mL of thick, yellow- 
green pus was drained. Culture yielded coliform bacteria. 

In March 1972 (one year after the initial surgery), a right-sided 
hemicolectomy was performed with end-to-end ileotransverse 
colostomy. The patient developed a ventral incisional hernia that 
was corrected on July 25, 1972, without complications. 

CasE 2.—An 8-year-old girl had a diagnosis of CDMS estab- 
lished in January 1984, because of proximal muscle weakness, 
increased fatigability, and rash. Findings of a muscle biopsy were 
confirmatory. The patient received appropriate prednisone ther- 
apy but remained profoundly weak; methotrexate was added to 
her therapy in June 1984. After two doses of methotrexate, in 
July 1984, the patient developed severe abdominal pain, pulmonary 
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Fig 1.—Leakage from third portion of duodenum (arrow) is illus- 
trated by this upper gastrointestinal tract study, which was obtained 
preoperatively in case 2. 


atelectasis, and deterioration of blood gases. Ventilatory support 
was initiated. An upper gastrointestinal tract series showed 
perforation of the third portion of the duodenum (Fig 1). The 
patient underwent surgery on July 7, 1984. A 1-cm perforation of 
the third portion of the duodenum, lateral to the superior mesen- 
teric vessels, was closed with four 4-0 silk sutures. Penrose and 
suction drains were placed adjacent to the closure site. On the 
sixth postoperative day, the patient developed bleeding from the 
drainage site and the nasogastric tube, dropping the hematocrit 
from 0.32 to 0.19. Simultaneously, it was noted that bile-stained 
fluid was leaking from the drainage site. The patient received a 
transfusion and, because the bleeding continued, underwent celiac 
and superomesenteric arteriography, results of which were nor- 
mal. The bleeding stopped without surgical intervention. An upper 
gastrointestinal tract study showed the duodenal fistula. The 
patient was supported with intravenous nutrition and the duodenal 
fistula was closed three months later, after which the patient was 
discharged from the hospital. 

Case 3.—A 9-year-old boy was admitted to the Children’s 
Hospital on July 15, 1979, because of a 2%-month history of 
weakness, edema of his extremities, and difficulty in ambulating. 
After one month of prednisolone therapy without improvement, 
methotrexate was added to his therapeutic regimen. The patient 
had persistent abdominal tenderness without spasm. A deltoid 
muscle biopsy performed on Aug 8, 1979, corroborated the clinical 
diagnosis of CDMS. At the time of his third admission to the 
hospital on Feb 20, 1980, he had developed dysphagia, fever, and 
abdominal.pain. An upper gastrointestinal tract study showed a 
perforation of the cervical esophagus. The esophageal perforation 
was visualized by esophagoscopy, and a tracheostomy was per- 
formed along with drainage of the perforation via a left cervical 
incision. Two weeks later, the left internal jugular vein was ligated 
after spontaneous rupture, and the esophagocutaneous fistula 
closed spontaneously with total parenteral support. Both cervical 
incisions required skin grafting for closure. On Aug 19, 1980, the 
patient was seen because of persistent abdominal pain. Intestinal 
roentgenographic studies did not show evidence of perforation. 
On Aug 24, 1980, an abdominal mass was palpated in the right 
flank, and the following day, a right-sided retrocolic retroperito- 
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Fig 2.—Diagram of perforations of gastrointestinal tract in four 
patients. Patient 1 (closed circles) had multiple perforations of 
colon; patient 2 (square), a solitary perforation of duodenum; 
patient 3 (triangles), perforation of colon, duodenum, and esopha- 
gus; and patient 4 (open circles), multiple duodenal perforations. 


neal phlegmon was drained surgically. No intestinal perforation 
was recognized. Postoperatively, the patient was eating satisfac- 
torily until he developed upper gastrointestinal tract bleeding and 
bleeding from the drainage site. Appropriate roentgenograms 
showed a mass behind the stomach, and the drainage appeared to 
be feculent. The patient underwent surgery on Sept 10, 1980. The 
surgical findings included three right-sided colon perforations, 
clotted fresh and old blood in the right side of the retroperitoneal 
area, a perforation of the second portion of the duodenum, and 
bleeding from the mesocolic arteries in the proximity of the 
duodenal perforation. The duodenal perforation was closed using 
a serosal patch of small bowel, and a right-sided colectomy and 
ileotransverse colostomy and gastrostomy were performed. The 
patient developed no additional gastrointestinal tract leaks and 
was discharged from the hospital, at which time oral feedings 
were well tolerated. 

Part of this patient's clinical course was previously reported by 
Thompson.5 

CasE 4.—A 6-year-old girl was treated for CDMS with steroid 
therapy for five months beginning July 1972, when she developed 
intermittent nonlocalized abdominal pain. Seven days after onset 
of symptoms, her pain localized to the left lower quadrant, and 
she became acutely ill with fever and abdominal distention. Results 
of upper gastrointestinal tract and barium enema contrast studies 
were normal. At surgical exploration, a single duodenal perfora- 
tion in the distal second part of the duodenum was found associated 
with a large retroperitoneal abscess. The duodenum was closed 
with a jejunal patch and the retroperitoneum drained widely. 
Postoperatively, the patient became comatose, convulsed, devel- 
oped pulmonary edema, and died on the fifth postoperative day. 
At autopsy, the serosal patch was intact; however, the patient had 
several additional perforations in the second and third portions of 
the duodenum. There was extensive retroperitoneal cellulitis 
dissecting into the thorax. Other findings included extensive 
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Fig 3.—Calcinosis universalis is platelike deposition in soft tissue 
of dystrophic calcifications in patients with childhood dermatomy- 
ositis. This condition is chronically debilitating and is frequently 
associated with chronic discomfort and recurring abscesses. 


fibrinoid vasculitis of the gastrointestinal tract and brain with 
diffuse, acute neuronal brain necrosis. Multiple blood cultures 
were positive for Klebsiella pnewmoniae and Candida albicans 
(Fig 2). 

Eleven additional patients with CDMS underwent 24 surgical 
procedures involving the skin and soft tissues. Fourteen had 
abscesses that required drainage. Ten of these abscesses were 
associated with calcification and were extremely painful. The 
remainder of the procedures were for removal of painful calcifica- 
tion without associated abscess. Four of the patients required 
additional therapy for the wounds. Two patients required skin 
grafting for closure; one patient developed osteomyelitis and one 
developed tenosynovitis, both of which eventually resolved with 
antibiotic therapy. Two wound infections followed removal of 
painful calcifications. Two additional patients had therapeutic 
surgical procedures. One patient with pulmonary fibrosis had 
bilateral pneumothoraces treated successfully with tube thoracos- 
tomy and tetracycline pleurodesis. She later died of chronic 
pulmonary fibrosis. One patient had chronic abdominal pain 
without peritonitis. Abdominal exploration revealed terminal ile- 
itis and chronic acalculous cholecystitis, for which she had a 
cholecystectomy. She subsequently experienced long-term, pain- 
ful soft-tissue abscesses and calcifications, was chronically de- 
pressed, and committed suicide at the age of 26 years. 


COMMENT 


In 1966, Banker and Victor* described the pathologic 
findings in eight patients who died of CDMS. They ob- 
served that perforation was most likely a result of vasculitis 
with arterial and venous intimal hyperplasia and occlusion 
of small vessels by fibrin thrombi. Seven of eight subjects 
in their autopsy series died as a result of perforation of one 
or more sites in the esophagus, stomach, small bowel, or 
colon.* Subsequently, additional authors have described 
patients with perforation of the intestine. The frequency 
of perforation varies from zero to a high of four (14%) of 
29.713 Schullinger et al,‘ in 1985, described the frustrations 
of sequential perforations of the gastrointestinal tract. 
There is very little divergence in the recommended therapy 
for perforation of the colon or small bowel distal to the 
ligament of Treitz. The colonic perforation(s) is resected 
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or exteriorized with secondary closure of the colostomy, 
provided the patient survives. Small-bowel perforations 
are either closed or resected, depending on the extent of 
the perforation(s). Adequate drainage of esophageal per- 
forations is appropriate. The problem area is the manage- 
ment of duodenal and gastric perforations. Some surgeons 
have approached gastric and duodenal perforations using 
the logic of peptic ulcer disease and/or traumatic injury. 
Because continuing vasculitis may frequently result in the 
occurrence of secondary perforations, we believe that 
extensive resectional surgery or bypass procedures are 
not logical. It is our opinion that the best therapy is closure 
of the perforation, primarily accompanied by adequate 
drainage. One must assume that additional perforations 
may occur and that the best one can expect is to control 
the fistula(s). If the patient survives the basic disease, the 
fistulas will eventually close with the support of total 
parenteral nutrition. 

The decision for operative intervention is a simple one if 
there is unequivocal roentgenographic evidence of perfo- 
ration of the gastrointestinal tract. More often, however, 
there is no roentgenographic evidence, and the decision to 
operate is made with some difficulty since abdominal pain 
is a common observation in patients with CDMS. It has 
been our observation that repeated, frequent examinations 
by the pediatrician and surgeon with comparison of find- 
ings are very helpful in the decision-making process. 

The calcification that is associated with CDMS is dys- 
trophic rather than metastatic, ie, it occurs in injured 
tissue despite normal concentrations of calcium and phos- 
phorus; therefore, the only reliable method of removal of 
dystrophic calcium deposits is by surgery’ (Fig 3). 

The patient’s specific and localized complaints make the 
indication for drainage of abscesses and removal of painful 
calcific deposits evident. Preparation for the surgery must 
include adequate steroid therapy since these patients have 
chronic adrenal suppression due to long-term steroid ther- 


apy. 
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Discussion 


JOHN R. CAMPBELL, MD, Portland, Ore: The authors have 
correctly focused on the endarteropathy that leads to the surgical 
complications of CDMS that vex the surgeon. Their figures point 
out the rarity of the disease and how infrequently the surgeon 
will be asked to consult on these patients. By the time the surgeon 
sees the patients, all of them will have been receiving long-term 
steroid therapy and most of them will have been treated with 
azathioprine, methotrexate, and other chemotherapeutic agents. 
Although corticosteroid therapy may have contributed to the 
development of the ulcerations in some patients, the authors of 
most large series have concluded that it was not a fundamental 
factor. Several of these patients in the larger series had developed 
symptoms of ulceration before therapy was instituted; in others, 
corticosteroids had been administered for only a short time. Also, 
gastrointestinal tract ulcerations have been described in CDMS 
long before the development of corticosteroid therapy and its use 
in patients with CDMS. 

The authors’ recommendation regarding the management of 
complications of the skin and soft tissue as well as pneumothorax 
are straightforward. 

The authors do not diverge from the recommended therapy for 
perforations of the colon and small bowel distal to the ligament of 
Treitz. The colonic perforation(s) is exteriorized and resected with 
secondary closure of the colostomy. Small-bowel perforations are 
either closed or resected, depending on the extent of the perfo- 
ration(s). The authors also agree that adequate drainage of 
esophageal perforations appears to be appropriate and satisfac- 
tory. 

The problem area appears to be the management of duodenal 
and gastric perforations. It is their opinion that the best therapy 
is closure of the perforations, accompanied by adequate drainage. 
This is contrary to the recommendation of Schullinger et al,'^ who 
have recommended partial gastrectomy and conversion of the 
perforation to controlled lateral duodenocutaneous fistulas, with 
a long-limbed antecolic Billroth II anastomosis that has the 
advantage over a short-limb retrocolic one in that it places the 
gastrojejunostomy in the left upper quadrant of the abdomen, 
well away from the area of suppuration and necrosis. 

I tend to agree with the authors’ recommendation to “keep it 
simple” because of the sequential perforations of the gastrointes- 
tinal tract, which are the hallmark of the disease, and the 
availability of H; blockers. 

Awareness of this form of duodenal perforation in dermatomy- 
ositis should lead to earlier diagnosis, prompt treatment, and less 
postoperative morbidity. The newer diagnostic modalities, such as 
computed tomography, should allow earlier surgical intervention. 

Is steroid therapy primary in the causality of these perforations? 
Does the reduction of the dosage of steroids in the postoperative 
period improve wound healing? 

ALAN MorGan, MD, Seattle: Our rheumatologists asked me to 
see a child who had been operated on at another hospital and had 
experienced a duodenal perforation that was dealt with briefly. It 
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was identical to the authors’ patient 2. A closure and a careful 
drainage is the principle. 

MARSHALL Z. SCHWARTZ, MD, Sacramento, Calif: This is a very 
impressive series of patients. Most of us involved in pediatric 
surgery may occasionally see a case, but when you can accumulate 
96 patients with this disease, it is quite remarkable. 

Is there any role for cyclosporine in the medical management of 
CDMS that may better control the disease and avoid the perfora- 
tions? 

NANCY VAN SPEYBROCK, MD, Eureka, Calif: This entity is 
distinctly different in adults. The vasculitis that you see in children 
is almost never seen in adult dermatomyositis. 

A. Brent Eastman, MD, La Jolla, Calif: Because of the high 
incidence of duodenocutaneous fistula and the need for total 
parenteral nutrition, did you consider use of tube duodenostomy 
and feeding jejunostomy? 

Dr WooLLEv: It is true that the majority of these patients 
underwent surgery prior to the availability of computed tomo- 
graphic scans. With the more liberal use of computed tomography 
scans and magnetic resonance imaging, perhaps we can recognize 
and treat the complications of CDMS at an earlier time in the 
disease process in the future. We have wondered if the steroids 
that are necessary for treatment of the basic disease cause 
gastrointestinal tract perforation. The pathologists tell us that 
the vasculitis causes the perforations and they are not secondary 
to the steroid therapy. Also, gastrointestinal tract perforations 
occurred in patients prior to steroid therapy. 

We do not reduce the steroid therapy in the postoperative 
period. The basic disease process continues postoperatively, and 
for a successful recovery from the disease, the steroid therapy 
must be continued postoperatively. 

The duodenal perforations are not in the usual locus where 
peptic ulcers occur. In our patients and in the majority of the case 
reports by other authors, the ulcers are distal to the first portion 
of the duodenum. The other perforations in the gastrointestinal 
tract occur in the duodenum, stomach, small bowel, and right side 
of the colon. 

To my knowledge, at the present time, cyclosporine has not 
been used in the treatment of CDMS at the Childrens Hospital of 
Los Angeles. 

Since the basic disease process is not altered by the operation, 
I feel that the simplest operation is best. If one performs external 
ostomies or resection or bypass anastomoses, one must then worry 
about the healing of the anastomotic sites in addition to the 
possibility of additional perforations duet to the CDMS. 

It would appear that the best operation for perforation of the 
esophagus, stomach, and duodenum is closure and adequate 
drainage. For the small bowel and colon, resection and drainage 
is best. If the basic disease can then be controlled by medical 
therapy, the patient has a chance of complete recovery and can 
return to a functional life-style. 
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Resection of Malignant Bone Tumors of the 
Pelvic Girdle Without Extremity Amputation 


James F. Huth, MD; Jeffrey J. Eckardt, MD; Giovanni Pignatti, MD; Frederick R. Eilber, MD 


e Fifty-three patients with malignant tumors of the pelvis 
ossea were evaluated for location of tumor, extent of resection, 
postoperative function, local recurrence, and survival. Three 
tumors were unresectable, 17 required a wide local excision, 
27 required resection of the hemipelvis without extremity 
amputation (internal hemipelvectomy), and six required a 
classical hemipelvectomy with amputation. The incidence of 
local recurrence was 11.8% for wide local excision, 7.4% for 
internal hemipelvectomy, and 33% for classical hemipelvec- 
tomy. Survival following wide local excision or internal hemi- 
pelvectomy was 58% and 41%, respectively, at five years 
compared with 17% for patients undergoing classical hemi- 
pelvectomy. Patients who underwent wide local excision had 
good to excellent functional results. Patients requiring internal 
hemipelvectomy initially required ambulatory supports, but 
many can now ambulate independently, with a neurologically 
intact extremity, despite a noticeably abnormal gait. 

(Arch Surg 1988;123:1121-1124) 


IM igno neoplasms of bone are rare, with an annual 
incidence of less than one case per 100 000 persons. 
They constitute approximately 546 of all malignant tumors 
in persons under 20 years of age. Osteogenic sarcoma is 
the most common histological type encountered in this age 
group, accounting for 40% of cases, followed in incidence 
by chondrosarcoma (20%) and Ewing's tumor (12%). In 
patients over 30 years of age, chondrosarcoma is the most 
common histological type encountered. 

Treatment of these tumors has been difficult in the past 
because of the poor prognosis and the necessity for ampu- 
tative surgery. Since in 7096 to 8596 of cases the disease 
originates in the distal femur, proximal tibia, or distal 
humerus, considerable effort has been expended to develop 
techniques to resect these tumors while preserving a viable 
and functional extremity? The success of these limb- 
salvage techniques has been due to (1) the development of 
intensive preoperative chemotherapy and radiation ther- 
apy regimens that have allowed surgeons to resect tumors 
with close margins at the interface with vital structures 
(nerves, arteries, veins) and (2) improvements in the 
strength and function of biomechanical supports (endo- 
prostheses) to replace the resected bone. 

Progress in the treatment of pelvic sarcomas has been 
hampered by the complexity of the structural integrity of 
the pelvic girdle. The standard surgical treatment for 
tumors of the ischium, ilium, and pubis has been hemipel- 
vectomy. The critical margin in this instance is the line of 
resection in proximity to the axial skeleton, but a hemipel- 
vectomy removes a viable and uninvolved extremity to 
achieve proximal disease control. Modifications of the 
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hemipelvectomy have been performed to preserve the iliac 
wing, but the uninvolved extremity was still removed.** 

Recognizing that the necessary element for ultimate 
tumor control is adequate excision of the primary tumor, 
and that in some instances “complete” local excision 
resulted in a cure rate equal to the more radical procedures, 
several authors** reported procedures that did not involve 
extremity amputation. In 1979, Eilber et al* described five 
patients with pathological processes involving the hemi- 
pelvis who refused extremity amputation. These patients 
underwent a resection of the hemipelvis, including the 
acetabulum, without amputation. All the patients main- 
tained a viable extremity, with the ability to bear weight 
with the assistance of crutches or a cane. Only one patient 
had a local recurrence. Encouraged by the functional 
results in these patients, we have considered nonamputa- 
tive surgery in all patients with malignant tumors of the 
pelvie bones. This study reports our results in the first 53 
patients treated. 


PATIENTS AND METHODS 


Fifty-three patients, evaluated at UCLA from 1974 to 1986, 
who had malignant tumors arising from the bones of the pelvic 
girdle were candidates for nonamputative surgery. Consideration 
was given to the appropriate surgical procedure that would allow 
excision of the primary tumor with an adequate margin of normal 
tissue. These procedures included (1) wide local excision of the 
involved segment of bone(s), (2) excision of the hemipelvis without 
extremity amputation (internal hemipelvectomy), or (3) standard 
hemipelvectomy with extremity amputation. There were 31 male 
and 22 female patients, ranging in age from 6 to 71 years, with a 
median age of 40 years (Fig 1). 

There were 21 patients with chondrosarcoma, 14 with osteosar- 
coma, eight with Ewings tumor, four with malignant fibrous 
histiocytoma, and six with other histological features. The ilium 
was the site of origin of the tumor in 42 patients, the sacrum and 
the pubis were the sites of primary involvement in five cases each, 
and the ischium was primarily involved in two cases (Table 1). 

Most of the patients received preoperative therapy; 32 received 
chemotherapy and radiation therapy, while six received only 
chemotherapy and two received only radiation therapy preopera- 
tively. The remaining 13 patients, including 11 patients with low- 
grade chondrosarcoma and two patients with low-grade osteogenic 
sarcoma, received no preoperative therapy. 


RESULTS 
Operative Procedures 


Three patients were found to have unresectable tumors 
(two sacral and one iliac) at the time of surgery. Seventeen 
patients required a wide local excision, 27 had an internal 
hemipelvectomy, and six required standard hemipelvec- 
tomy with amputation. The surgical procedure and location 
of the tumors are listed in Table 2. The ability to preserve 
the sacral nerve roots determined whether patients under- 
went extremity amputation in conjunction with resection 
of the hemipelvis since sciatic nerve function is essential 
to lower-extremity function. 

The internal hemipelvectomy has been described’ and 
will be briefly summarized. Patients were placed in a 
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Table 1.—Histological Features and Locations of Tumors 


No. of Tumors by Location 








Histological Features lium Sacrum Pubis Ishium Total 


Table 2.—Operation Performed 


No. of Operations by Location 
M — 


Operation lium Sacrum Pubis Ishium 


None, unresectable 1 2 0 0 
Wide local excision 7 3 5 2 


Internal hemipelvectomy 

without amputation 27 0 0 0 
Standard hemipelvectomy 

with amputation 6 0 0 0 


supine position and rotated obliquely to elevate the involved 
hemipelvis 45°. The incision began at the posterior iliac 
crest and extended downward, curving at the anterior iliac 
spine and extending along the upper third of the lateral 
aspect of the thigh. Flaps were developed at the level of 
the superficial muscle fascia, and the abdominal wall 
musculature was divided from the iliac crest. The inguinal 
ligament was divided, and the retroperitoneal space was 
entered. The iliac vessels were mobilized from the level of 
the aortic bifurcation, and the hypogastric vessels were 
not divided. A plane was developed between the psoas 
major and iliacus muscles, and the femoral nerve was 
identified and retracted medially with the psoas major 
muscle. The rectus femorus was divided, and dissection 
was carried down to the hip joint. The neck of the femur 
was divided, as were the hamstring muscles and adductor 
muscles, leaving a cuff attached to the pubis and ishium. 
The gluteus muscles were divided laterally, and the sciatic 
nerve was identified and moved posteriorly and medially. 
An incision was made through the symphysis pubis, and 
an osteotomy was made through the sacral ala just lateral 
to the neural foramina. If the tumor was located posteriorly, 
the obturator nerve was preserved by dividing the inferior 
ramus up to the obturator foramen, and the nerve was 
moved inferiorly The levator ani muscle was divided and 
the specimen removed en bloc (Fig 2). 
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Complications 


Seventeen patients experienced postoperative compli- 
cations. In the six patients undergoing standard hemipel- 
vectomy, three had no complications, one had a wound 
slough that was treated conservatively and healed, one 
developed a cerebrospinal fluid leak that closed spontane- 
ously, and one had neuralgia. In the 27 patients who 
underwent an internal hemipelvectomy, eight had compli- 
cations, including two with wound sloughs (managed con- 
servatively), one with sciatic nerve palsy, one with femoral 
nerve entrapment, one with sciatic neuralgia that required 
cordotomy for relief, one with edema of the extremity 
(managed with an elastic support stocking), one with pain 
in the proximal femur, and one who developed a hip fracture 
that required fixation. Six ofthe 17 patients who underwent 
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Fig 1.—Age and sex distribution. Thirty-one patients were male 
and 22 were female; 16 of 21 patients with chondrosarcoma were 
over age 40 years and 11 of 14 patients with osteogenic sarcoma 
were under age 40 years. 





Fig 2.— Technique of internal hemipelvectomy. Left, Skin incision 
is begun at posterior iliac crest and curved at anteroiliac spine to 
upper third of lateral aspect of thigh. Center, Schematic for 
proposed sites for osteotomies. Right, Resultant bony defect 
following resection of hemipelvis. 


a wide local excision had complications, including three 
with wound sloughs that were managed conservatively, one 
cerebrospinal fluid leak that was managed conservatively, 
one seroma with subsequent infection that required dé- 
bridement, and one pulmonary embolism that was treated 
with heparin. 


Local Recurrence 


Six patients (11.3%) developed a recurrence at the local 
site, two (11.8%) following wide local excision, two (7.4%) 
following internal hemipelvectomy, and two (33%) following 
standard hemipelvectomy. The two patients who developed 
local recurrence after wide local excision had chondrosar- 
comas, and the remaining four patients had osteogenic 
sarcomas. 


Survival 


Survival data are shown in Fig 3. Patients who under- 
went wide local excision or internal hemipelvectomy had a 
similar three-year (58% and 53%, respectively) and five- 
year (58%, and 41%, respectively) survival. Patients re- 
quiring standard hemipelvectomy had a poorer survival 
(3396 at three years, 1796 at five years). This is probably 
due to the more extensive disease involvement at the time 
of surgery, necessitating a more extensive operation. 


Functional Analysis 
Patients with an internal hemipelvectomy are treated in 
skeletal traction for two weeks postoperatively Ambula- 
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Fig 3.—Survival comparisons for three types of procedures. Five- 
year survival is 58% for patients who underwent wide local excision, 
4196 for patients who had internal hemipelvectomy, and 1796 for 
patients who had standard hemipelvectomy. 


tion is then begun on a partial weight bearing basis, 
initially with a walker and subsequently crutches, as their 
general condition permits. Hip abduction orthoses have 
not been utilized in this patient group. When the hip joint 
is retained, good function is routinely achieved, with 
patients becoming free of ambulatory aids within six to 
eight months. When the hip joint is resected in continuity 
with a pelvie tumor, the final result is a flail hip. In these 
patients, rehabilitation is by necessity a prolonged process, 
taking several years. During that period, strength and 
control of the extremity improve so that younger patients, 
who are otherwise well without associated medical prob- 
lems, can eventually ambulate without the use of canes or 
crutches in spite of a 7.5- to 13-em leg-length discrepancy 
and limited hip motion. When evaluated by the Musculo- 
skeletal Tumor Society scale,* this group of patients 
achieves an overall fair result because of their poor active 
motion, leg shortening, weakness, and reduced level of 
functional activity. However, the psychological advantage 
of the reasonably aesthetic retained extremity cannot be 
overstated. In addition, these patients have improved 
balance, as they can bear partial weight on the extremity 
by using compensatory shoe lifts and an equinus gait. They 
routinely achieve a higher level of functional independence 
than those patients undergoing classical hemipelvectomy, 
who receive an overall poor evaluation on the Musculoskel- 
etal Tumor Society scale. 


COMMENT 


The standard hemipelvectomy was developed as a means 
to achieve local control of tumors involving the pelvic 
girdle. The critical area in this procedure is the proximal 
margin. Ifthe nerve, artery, and vein to the lower extremity 
can be spared, without sacrificing local control of the 
tumor, an amputation of the lower extremity is not neces- 
sary. The results of this study indicate that a functionally 
useful lower extremity can be preserved in over 85% of 
cases. 

The local control rate in this series appears to be 


satisfactory. It is difficult to compare results between wide 
local excision, internal hemipelvectomy, and standard hem- 
ipelvectomy since the extent of tumor has dictated the 
extent of resection. Nonetheless, a 7.4% local recurrence 
rate for internal hemipelvectomy would seem to justify its 
continued use. 

Periacetabular resection as described in this report by 
necessity disrupts the structural integrity of the hip joint. 
Several authors have described techniques for reconstruc- 
tion of the skeleton.* These reconstructions can be classi- 
fied as follows: (1) iliofemoral or ischiofemoral coaptation 
using metal wires, with the goal of arthrodesis or pseu- 
doarthrosis; (2) ileofemoral or ischiofemoral synthesis us- 
ing screws or plates, with or without bone grafts, with the 
goal of arthrosis; and (3) reconstruction by means of pelvic 
prostheses and/or grafts. Although each of the procedures 
has its proponents, each has its shortcomings and pitfalls. 
(1) Infection was at least twice as frequent in cases in 
Which a complex type of reconstruction was attempted. (2) 
Arthrodesis, when attempted, failed in about 5096 of cases, 
although successful arthrodesis results in a more stable 
reconstruction, hip flexion is virtually nil, and the leg- 
length diserepancy is not avoided. (3) Bone grafts and 
endoprostheses are complicated by dislocation, loosening, 
infection, and fracture in over two thirds of cases. (4) Pelvic 
allografts and prostheses have a high incidence of fracture, 
dislocation, loosening, and infection. (In a series of ten 
cases, Mitschler® reported three infections requiring re- 
moval of the prosthesis in two cases and an amputation in 
the other patient. Two other patients experienced loosening 
of the prosthesis, and another patient underwent hemipel- 
vectomy following a skin slough.) (5) An ischiofemoral 
pseudarthrosis has the same functional results as the flail 
hip. An iliofemoral pseudoarthrosis may provide a better 
functional result, but this requires that a significant portion 
of the ilium be preserved. It has been our experience in 
resecting malignant tumors that there is insufficient ilium 
or ischium following the resection for a suitable pseudar- 
throsis to occur. 

Clearly, each case in this series was selected for preop- 
erative therapy and extent of resection based on the size, 
location, and histological features of the tumors. In most 
cases, the entire bone of origin of the tumor (ilium, ischium, 
pubis) was removed in each procedure. These tumors 
extended across joint lines, the sacroiliac, and the acetab- 
ulum to involve the adjacent bone of the sacral ala and 
femoral head. Thus, the surgical procedure may need to be 
extended to achieve disease control. When the sciatic nerve 
roots are intimately involved with tumor, sacrifice of the 
sciatic nerve is required. In this instance, a standard 
hemipelvectomy (amputation) is justified since most of the 
motor function of the lower extremity will be lost. 

We have described results obtained in 53 consecutive 
patients treated for malignant tumors of the pelvic girdle; 
88% of the cases were managed without amputation of the 
extremity. The local recurrence rate was 11.3%. Internal 
hemipelvectomy was the most common procedure used for 
patients with malignant tumors of the ilium. This proce- 
dure has the advantage of preserving a functional lower 
extremity, with acceptable hip stability and function. 
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Discussion 


JAMES E. Goopnicut, JR, MD, Sacramento, Calif: Why throw 
away a sensate, functional lower extremity if it is not necessary to 
do so? There is no artificial prosthesis for amputations at this level 
that is equal to the retained extremity, even if it is somewhat 
compromised. 

There is life after hemipelvectomy, and patients can return to 
an acceptable life, if that procedure is necessary and indicated. 
However, none of us would choose it if a reasonable alternative 
existed. 

The authors have very nicely documented that “reasonable 
alternative" The attempt to define functional results of this 
procedure based on the criteria of the Musculoskeletal Tumor 
Society is very helpful. The patients have a better functional result 
than is found with standard hemipelvectomy. Without question, 
there is a psychological advantage to the patient to have the leg 
in place, but this advantage wears thin quickly if the leg is useless. 
Sueh is not the case after these procedures. Functionally, the 
patient is better off. 

Given the degree of malignancy and the usual large size of these 
pelvie girdle tumors, the local control rates and survival rates 
reported by the authors are very good, indeed. In particular, 
chondrosarcoma (which was the most common tumor in this series) 
is difficult to eradicate locally. Like its bone-cell counterpart, 
osteogenic sarcoma, it spreads extensively in the bone marrow 
and breaks through the bone cortex to involve surrounding tissues. 
Unlike its counterpart, chondrosarcoma responds poorly to radi- 
ation therapy and chemotherapy and must be eradicated surgically 
if it is to be controlled. The authors have obviously been successful. 

Given these results, I would like to briefly discuss potential 
problems in the execution of these procedures. 

A patient required resection of a pelvic chondrosarcoma arising 
in the symphysis pubis. There was loss of anterior hip girdle, with 
pubic and ischial rami, left ischium, and left hip joint, such as has 
been described by Dr Huth et al. Resection of lower abdominal 
wall musculature and pelvic muscle floor were required as well. 
So, there was loss not only of the left hip and the lower bony 
support of the lower abdomen and pelvic organs but also of the 
attachments of the lower abdominal wall muscles and pelvic 
diaphragm. I ask the authors how they have dealt with loss of this 
muscle support, particularly if resection of the anterior pelvis was 
required. Other questions I would ask are: How does one deter- 
mine extent of tumor within the bone preoperatively? What are 
the reasons for local failure of tumor control in those few patients 
in which this has occurred? Is age a criterion for selection in these 
procedures? Would you perform an internal hemipelvectomy on a 
75-year-old patient? 

A final question is partly philosophical and has to do with 
function. Suppose that you had gone ahead with removal of the 
lower extremity, and the sciatic nerve is involved with tumor. Ifa 
patient has an intact femoral nerve such that quadricep function 
is intact and the patient can lock his knee, could one consider 
leaving that leg in place, even accepting that the foot would be 
numb and the ankle would require bracing? 

Morton M. WooLLEv, MD, Los Angeles: James Atkinson, MD, 
at our institution performs this type of surgery, and he has 
prepared the following discussion: 

These are extremely difficult tumors to treat and the salvage of 
over 80% of the extremities is to be complimented. We at the [Los 
Angeles] Childrens Hospital have also treated a number of patients 
with similar types of procedures. We recently treated a case of 
sacral tumor with a rather unusual type of reconstructive proce- 
dure. A 15-year-old female patient presented with a cystic sacral 
mass. Abdominal computed tomographic scan demonstrated the 
tumor mass and its extent involving the entire sacrum to the level 
of the L-5, S-1 disc. Chemotherapy gave a very satisfactory 
response, and she was then taken to surgery where an extended 
radical resection of the L-5 vertebra and sacrum along with a 
portion of the iliac bone was accomplished. A pelvic allograft was 
obtained from a cadaver donor. The patient underwent reconstruc- 
tion by the insertion of this allograft and three months postoper- 
atively appeared to have a stable spine with some early evidence 
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of osteoid deposition surrounding the allograft. 

Davip A. SiwoNowrrz, MD, Seattle: I have had little experience 
with this, but we have had trouble with hernias in the pelvic 
diaphragm. I had one case in which we used a double layer of 
polypropylene (Marlex) mesh to reconstruct the diaphragm. That 
me and I wonder if the authors have had any experience with 
that. 

Dr EiLBER: Dr Goodnight asked whether we did any soft-tissue 
or muscle reconstruction. The only time we have used reconstruc- 
tive material is when anterior arch resection was done. We have 
used polypropylene mesh on several of these patients to prevent 
anterior herniation. The biggest problem in this location has been 
bladder malfunction when the majority of the support for the 
bladder is removed. The urologists have, on occasion, utilized 
bladder suspension. 

We have found for the lateral defects that the polypropylene 
reconstruction is not necessary, and fortunately we have not had 
herniation problems. 

Assessing the tumor extent of chondrosarcomas is difficult. We 
use bone scan imaging and most recently have found magnetic 
resonance imaging to be most useful in terms of planning where 
the osteotomies are made. It is very difficult to see intramedullary 
extent in a pelvis on a standard transverse section because of the 
oblique sections, but the coronal sections have greatly facilitated 
the accurate assessment of intramedullary tumor extension. 

To my knowledge, almost all of our local recurrences have been 
in the perispinous area. The major problem with tumors in this 
area is that the closest resection margin is posteriorly past the 
sacroiliac joint. These tumors do cross this joint. Whether it is 
across the cartilage or into the perineurium is not clear, but the 
primary location for recurrence is in the epidural space and 
perispinous muscles, which is also the most common site of local 
recurrence in a standard amputation hemipelvectomy. We are now 
looking toward adding local field irradiation to this area. If the 
tumor approaches the sacroiliac joint, resections should be made 
medial to this through the sacral ala at the neural foramina. 

Would we do this procedure in a 75-year-old patient? The answer 
is yes, and we do. They have much more difficulty in rehabilitation 
but my philosophy has been— compared to what? The 75-year-old 
patient with a standard hemipelvectomy does not rehabilitate 
either. The age of the patient per se makes the degree of 
rehabilitation more difficult but not impossible. 

You probably can resect the sciatic nerve. The major deficits 
are a foot drop and an insensate foot, which are surmountable 
problems. At least one of our patients did have sacrifice of the 
sciatic nerve. Fortunately, bone tumors seldom cause primary 
nerve invasions. If, however, the femoral nerve is involved and it 
is sacrificed, a more significant problem results because there is 
no ability to flex the lower extremity or to stabilize the knee. 
These patients end up with multiple braces, and the overall 
function is poor. 

Dr Woolley, we did have series of sacral tumors that we have 
previously reported on. Pelvic allografts not only have been used 
at the Los Angeles Childrens Hospital but the largest experience 
is that of Henry Mankin, MD, at the Massachusetts General 
Hospital, Boston. Our experience with cadaver allografts in other 
sites has been disappointing. The major problem in the pelvic area 
has been a large dead space and infection. In Mankin’s series, the 
incidence of infection in pelvic allografts has been about 60%. The 
practical problems with any allograft are reincorporation of the 
dead bone that is used as a strut and the hope that eventually it 
will be ossified by normal tissue. To my knowledge, this has rarely, 
if ever, occurred in the pelvis. The reason the patient that Dr 
Woolley described was in stable condition was because of the 
Harrington rods rather than the allograft. 

In summary, I believe this operation is a reasonable one. It is 
difficult and technically demanding, and rehabilitation is long and 
arduous, but most patients function amazingly well. Our initial 
fear that it was unlikely that patients would have useful function 
was incorrect. Almost all of them can drive a car, and one young 
lady goes hiking in the Sierras without a cane. 
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BRIEF SUMMARY 

UNASYN® (ampicillin sodium/sulbactam sodium) IM/IV 

INDICATIONS AND USAGE V E 

UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 

microorganisms in the conditions listed below. 

Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 

aureus, Escherichia coli,* Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis, * Bacteroides 

fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus.* 

Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 

spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 

Gynecological Infections caused by beta-lactamase producing strains of Escherichia coli,* and 

Bacteroides spp.* (including B. fragilis*). 

*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 

— Organisms are also amenable to treatment with UNASYN due to its ampicillin content. 

Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 

organisms susceptible to UNASYN should not require the addition of another antibiotic. 

CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 

the penicillins. 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 

PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 

INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 

TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 

HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 

CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 

CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, AND OTHER 

ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 

APPROPRIATE THERAPY INSTITUTED. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 

NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING INTUBATION, 

SHOULD ALSO BE ADMINISTERED AS INDICATED. 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 

Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 

treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 

kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 

drug should be discontinued and/or appropriate therapy instituted. 

Drug interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 

Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 

ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 

substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 

ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 

hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 

concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 

inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 

ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 

the presence of glucose in urine using Clinitest'", Benedict's Solution or Fehling's Solution. It is 

recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 

Testape™ ) be used. — administration of ampicillin to pregnant women, a transient decrease in 
lasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
as been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 

performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy Category B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported. 
Local Adverse Reactions 

Pain at IM injection site—16% 

Pain at IV injection site— 396 

Thrombophlebitis — 396 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 396 of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 
were: 
Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 

Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 

increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC's and hyaline casts in urine. 
beng ot get reactions have been reported with ampicillin-class antibiotics and can also occur 
wi 
re hae qu Gastritis, stomatitis, black "hairy" tongue, enterocolitis and pseudomembranous 
colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 
Hematologic: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Improved Treatment 


of Intra-abdominal Abscess 


A Result of Improved Localization, Drainage, 


and Patient Care, Not Technique 


Clifford W. Deveney, MD; Kevin Lurie, MD; Karen E. Deveney, MD 


e Outcome in patients with abdominal abscesses treated at 
the University of Pennsylvania, Philadelphia, between 1973 
and 1978 (group 1) was compared with that in patients treated 
between 1981 and 1986 (group 2). Mortality was less in group 
2 patients (21% vs 39% in group 1). The decrease in mortality 
in group 2 was accompanied by a greater percentage of 
successful predrainage localization (74% vs 55% in group 1), 
successful initial drainage (76% vs 55% in group 1), and 
decreased predrainage organ failure (23% vs 52% in group 1). 
Because failure of initial drainage and predrainage organ 
failure were associated with increased mortality, improvement 
in both of these criteria contributed substantially to the lower 
mortality in group 2 patients. There were no differences in 
mortality, in initial success in drainage, or in length of hospital 
stay when 29 group 2 patients who underwent percutaneous 
drainage were compared with 37 patients who underwent 
surgical drainage. Mortality (22% vs 21%) and initial success 
(78% vs 72%) were similar for patients who underwent surgical 
and percutaneous drainage, respectively. We conclude that 
initial success in localization and drainage of the abscess is 
more important than whether drainage is surgical or percu- 
taneous. 

(Arch Surg 1988;123:1126-1130) 


peser treatment of intra-abdominal abscess depends 
on timely recognition and complete drainage of the 
abscess. Although adequate resuscitation with fluids, nu- 
trients, and antibiotics contributes to the ultimate outcome 
and recovery of patients with intra-abdominal abscesses, 
early drainage is the critical factor in reducing morbidity 
and mortality.'? 

Several developments within the past decade have pro- 
duced new modalities that might improve the treatment of 
these abscesses. Computed tomographic (CT) scanning 
and ultrasonography should improve the detection and 
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localization,** and percutaneous catheter drainage** should 
provide a method less invasive than surgery for abscess 
drainage. 

To assess the influence of CT scanning, ultrasonography, 
and percutaneous drainage on outcome in patients with 
intra-abdominal abscess, we compared two groups of pa- 
tients with intra-abdominal abscesses treated at the same 
institution (Hospital of the University of Pennsylvania, 
Philadelphia) over a 15-year period. The first group (1978 
through 1978) was treated before the routine use of CT 
scanning, ultrasonography, and percutaneous drainage, 
and the second group (1981 through 1986) was treated 
when these modalities were routinely employed. 


PATIENTS AND METHODS 


We reviewed the charts of patients hospitalized with intra- 
abdominal abscess from 1973 through 1986. Fifty patients (group 
1) were treated between 1973 and 1978, before CT scanning was 
routinely used to image abscesses and before percutaneous tube 
drainage was routinely employed. Ninety patients (group 2) were 
treated between 1981 and 1986, after the development of these 
newer imaging and drainage techniques. Forty-three patients (19 
in group 1 and 24 in group 2) with para-appendiceal or postappen- 
dectomy abscess were all treated surgically with no mortality and 
were excluded from further analysis. Tubo-ovarian abscesses, 
secondary to pelvie inflammatory disease, were also excluded 
from analysis, because these abscesses are often treated success- 
fully with antibiotics alone. Infected pancreatic pseudocysts were 
excluded because it is questionable in many cases whether these 
really represent abscesses. Thus, 31 patients with intra-abdominal 
abscesses treated between 1973 and 1978 and 66 patients treated 
between 1981 and 1986 remained for analysis. Groups 1 and 2 were 
compared with regard to age, sex, cause and location of the 
abscess, number of abscesses, the presence of predrainage organ 
failure, and number of patients with risk factors present that 
could influence morbidity or mortality. 

Risk factors included (1) immunosuppression from steroids or 
antineoplastic agents, (2) diseases producing immunodeficiency 
(eg, leukemia), (3) the presence of severe malnutrition (defined by 
serum albumin level of less than 25 g/L). The presence of renal, 
pulmonary, or liver failure was recorded for each patient. Renal 
failure was defined by an acute increase in serum creatinine level 
of 270 mmol/L or more. The patient was considered to have 
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respiratory failure if the patient's oxygen partial pressure was 
consistently 20 mm Hg lower than his or her normal value or if 
intubation was required for ventilatory support. The patient was 
considered to have liver failure if the serum bilirubin level was 
greater than 51 pmol/L and there was a concomitant elevation in 
other liver enzyme levels. 

We also examined several aspects of outcome such as (1) 
successful predrainage localization, (2) successful initial drainage, 
and (3) mortality The abscess was considered to be accurately 
localized preoperatively if preoperative studies, physical exami- 
nation, or progress notes documented the location of the abscess 
and subsequently proved correct. Initial drainage was considered 
successful if the patient's condition improved and no further 
drainage procedures were required. Drainage was considered 
unsuccessful if further procedures were required to drain pus or 
if the patient died and an undrained abscess was found at autopsy. 
The binomial distribution was used to make statistical comparisons 
between groups. 

Although the initial objective of this review was to examine the 
mortality rates for abdominal abscesses over two different time 
periods, examination of patients in group 2 allowed us to make 
some retrospective comparisons between surgically and percuta- 
neously drained abscesses. In group 2, 37 patients initially under- 
went surgical drainage and 29 underwent percutaneous drainage 
initially. Those who underwent surgical and percutaneous drainage 
within group 2 were compared using the same variables that were 
used to compare groups 1 and 2. In addition, we examined the 
length of hospital stay for patients who underwent drainage with 
each modality to see if one method of drainage shortened length 
of hospitalization after drainage. 

When percutaneous drainage was employed, the abscess was 
first localized with CT scanning. A 20-22-gauge needle was then 
pereutaneously placed into the abscess, and position within the 
abscess was confirmed by a CT scan and aspiration of pus from 
the abscess. Once the abscess location was confirmed, a 6- to 16- 
F catheter was placed into the abscess cavity using a trocar 
catheter or by placing the catheter over a wire using a modified 
Seldinger technique. Because the trocar catheter is large and 
rigid, this technique was used only when the abscess was super- 
ficial. 

Once in the abscess, the catheter was aspirated and pus was 
obtained and cultured. Catheter position was usually confirmed 
using fluoroscopy by injecting radiopaque water-soluble dye 
through the catheter into the cavity. The abscess was then drained 
in a closed system to gravity drainage, unless a sump catheter 
was placed, in which case intermittent suction was applied. The 
volume of drainage was recorded daily, and the patient underwent 
repeated fluoroscopy periodically to reevaluate the abscess cavity 
and change or reposition the drainage catheters. Although so- 
nography can be used in a manner similar to CT for initial 
localization and aspiration, it was seldom used at this institution. 

RESULTS 

Patients in groups 1 and 2 were similar in age (54 vs 53 
years, respectively), but there were more women in group 
1 (60% vs 36% in group 2; P «.05). The number of patients 
in groups 1 and 2 who had risk factors (2996 vs 2396, 
respectively) as well as the cause and location of the 
abscesses were similar in both groups. A similar number 
of patients in each group had multiple abscesses. Tables 1 
and 2 characterize the two groups. Sixteen (5296) of 31 
patients in group 1 had at least moderate failure of one 
organ before abscess drainage compared with 15 (2396) of 
66 patients in group 2 (P<.05). This difference in organ 
failure between the groups probably reflects a combination 
of earlier diagnosis and treatment and better resuscitation 

in group 2. Mortality in both groups was higher when 
organ failure was present before abscess drainage. Twenty 
(5396) of 38 patients with predrainage organ failure died, 
while only six (10%) of 59 patients without predrainage 
organ failure died (P<.05). 

The overall mortality in group 1 patients was 39% 
(12/31) compared with 21% (14/66) in group 2 patients. 
Death was attributed to delay in diagnosis or incomplete 
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Table 1.—Abscess Location 
No. (%) of Abscesses 
Group 1 


Location Group 2 


Pelvis 7 (20) 16 (24) 
Paracolic 9 (26) 11 (17) 
Subphrenic 5 (14) 23 (35) 


Multiple 8 (26) 12 (18) 
Total 24 ASA 66 (...) 


*Three patients with multiple abscesses had them in more than one 
location. 


Table 2.—Cause of Abscess 
No. (%) of Abscesses 


Group 2 


33 (50) 
19 (29) 


14 (21) 


Cause Group 1 


Postoperative 12 (39) 
leak 5 (16) 


unknown 7 (23) 


Diverticulitis 7 (23) 10 (16) 


Biliary tract 4 (13) 4 (6) 


Pancreatitis 4 (13) 1 (2) 


Inflammatory 
bowel disease 


Other 
Total 


1 (3) 
3 (9) 
91 G7.) 


4 (6) 
14 (21) 
66 (...) 


drainage in nine (29%) of 31 group 1 patients and in seven 
(11%) of 66 group 2 patients (P<.05). 

Preoperative localization was accurate in 49 (74%) of 66 
group 2 patients but only 17 (55%) of 31 group 1 patients 
(P<.1). Initial drainage was successful in 17 (55%) of 31 
group 1 patients vs 50 (76%) of 66 group 2 patients (P<.05). 
This improved initial success reflects a combination of 
better abscess localization as well as better drainage 
techniques in group 2. Mortality was much higher in both 
groups when initial drainage was unsuccessful. When 
initial drainage was unsuccessful, 15 (52%) of 29 patients 
died, whereas among the 68 patients with successful initial 
drainage, only ten patients (1596) died (P —.05). 

Although the patients who had surgical and percutane- 
ous drainage in group 2 were not prospectively randomized, 
they were similar in age (surgical, 53 years, vs percutane- 
ous, 52 years), percentage of risk factors (surgical, 24%, 
vs percutaneous, 21%), and percentage with some degree 
of organ failure before drainage (surgical, 2196, vs percu- 
taneous, 2496). In both groups, the majority of abscesses 
were paracolic or subphrenic. In both groups, most of the 
abscesses were postoperative, with a similar number of 
anastomotic leaks in each group, nine (24%) of 38 patients 
who had surgical drainage and ten (34%) of 29 patients 
who had percutaneous drainage. There were some differ- 
ences in the abscesses. A larger proportion of pelvic 
abscesses were surgically drained (84% vs 14%), and 
virtually all multiple abscesses and abscesses secondary 
to diverticulitis were surgically drained. 
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Table 3.—Location of Abscesses in Group 2 


No. of Abscesses 

(% Drainage Success) 

by Procedure 
Percutaneous 


Location Surgical 


Pelvis 4 (50) 12 (85) 


Paracolic gutter 4 (75) 7 (71) 


Parapancreatic 1 (100) 





Total 29 (72) 37 (79) 


Table 4.—Successful Initial Drainage According to 
Cause of Abscesses in Group 2 


No. of Abscesses 
(% Drainage Success) 
by Procedure 


Percutaneous Surgical 


Postoperative 
Leak 10 (70) 


Unknown 10 (70) 
Inflammatory bowel disease 3 (100) 
Diverticulitis 
Biliary 


9 (66) 
4 (75) 
1 (100) 


28 (81) 
10 (60) 





Multiple 


The results were remarkably similar between these two 
methods of drainage. Initial drainage of the abscesses was 
successful surgically in 29 (78%) of 37 patients and percu- 
taneously in 21 (72%) of 29 patients. For postoperative 
anastomotic leaks, surgical and percutaneous drainage had 
similar success rates (67% vs 70%, respectively). For 
percutaneous and surgical drainage, the distribution of 
abscesses by location and cause as well as the initial success 
rate of drainage are summarized in Tables 3 and 4. 

The mortality for patients who underwent surgical drain- 
age was 22% (8/37) vs 21% (6/28) for patients who under- 
went percutaneous drainage. The length of hospitalization 
after drainage was also similar, 33 days for patients who 
had surgical drainage vs 36 days for those who underwent 
percutaneous drainage. 

The patients whose abscesses were drained percutane- 
ously required, on average, four tube changes (range, one 
to eight). A tube change is performed in radiology, and 
repositioning of the tube is confirmed by contrast CT or, 
more often, fluoroscopy with contrast. 

In group 1, the physical examination findings and roent- 
genograms were used to localize abscesses, while in group 
2 these two modalities as well as CT scanning and ultra- 
sonography were employed. In both groups the physical 
examination was helpful or diagnostic in localizing all but 
subphrenic abscesses. Excluding subphrenic abscesses, the 
physical examination was useful or diagnostic in 54 (75%) 
of 72 patients; however, it was only helpful in 11 (44%) of 
25 patients with subphrenic abscesses. Ultrasonography 
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was used in only 23 (35%) of 66 group 2 patients and was 
helpful in 17 (74%) of 23 patients; CT scanning was used in 
39 (59%) of 66 patients and was helpful in 38 (97%) of 
patients. Contrast studies, used in 53 (55%) of 97 patients, 
were helpful in 47 (89%) of patients. 


COMMENT 


Our review indicates that mortality due to intra-abdom- 
inal abscess in a single institution has decreased signifi- 
cantly in the past decade. Others have compared their 
recent mortality with that of other series published in the 
1970s and have also found a decrease in the mortality.* The 
mortality of 21% in group 2 patients compares with mor- 
talities of 9% to 33% in current series of patients treated 
both surgically or percutaneously,’*™ and the mortality of 
38% in group 2 compares with 31% and 42% in series 
reviewed from the 1970s. 1516 

It is likely that the decrease in mortality from intra- 
abdominal abscess is due to a combination of factors. The 
proportion of patients who had their abscesses localized 
before draining, as well as successful initial drainage, was 
higher in group 2 patients. Earlier detection and more 
precise localization in group 2 allowed for a greater chance 
of successful drainage on the initial attempt. Since mortal- 
ity in both groups significantly increased when initial 
drainage failed (50% vs 15%, P<.05), more accurate pre- 
drainage localization and better drainage techniques con- 
tributed substantially to the decreased mortality in group 
2 patients. Others have noted that the mortality is reduced 
when the abscess is localized preoperatively and surgical 
drainage can be directed at the abscess, as opposed to 
performing a general abdominal exploration.” 

The lower incidence of predrainage organ failure in group 
2 (23% vs 52% in group 1, P<.05) probably reflects earlier 
detection and drainage and probably better resuscitation 
of the septic patient. Since the presence of predrainage 
organ failure was associated with a markedly increased 
mortality (66% vs 12%, P<.05), it is likely that earlier 
detection and drainage, as well as better resuscitation, 
contributed to the decrease in mortality. Others have shown 
similar increases in mortality when organ failure occurred 
before abscess drainage. 115-18 

The modalities most often employed to localize an abscess 
were physical examination and CT scanning. Physical 
examination was helpful or diagnostic in localizing 75% of 
abscesses other than subphrenic, an experience similar to 
that of others.'* Our finding of 97% utility for CT scanning 
of abscesses is also in agreement with others, who have 
found CT scanning to be more than 90% specific, sensitive, 
and accurate.*** Ultrasonography is as sensitive as CT 
scanning, but not as specific.* Since ultrasonography rarely 
added anything to the CT scan, CT scanning should be the 
preferred test to localize an abscess.* Ultrasonography 
equipment is portable and should be reserved for the 
patient who cannot leave the intensive care unit. Contrast 
roentgenograms were most helpful in revealing underlying 
pathological processes causing an abscess, but were not 
generally useful to localize an abscess; CT scanning re- 
mains the single best test for abscess localization. 

Percutaneous drainage has been compared with surgical 
drainage in several nonrandomized studies. Although there 
is considerable variation in results among the studies, 
these two procedures seem to be generally equivalent in 
terms of initial success, morbidity, and mortality when the 
groups compared are from the same time period. 19152» 

None of the comparisons has been prospectively random- 
ized, and it is almost certain that patients were selected 
for one type of drainage or excluded from percutaneous 
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drainage based on specific indications or contraindications. 
For example, Aeder et al? used the following criteria to 
exclude patients from undergoing percutaneous drainage: 
(1) more than two abscess cavities; (Z) a drainage route 
that would traverse bowel; (3) a source of contamination, 
such as a perforated viscus, which should be removed (eg, 
perforated diverticulitis); or (4) abscesses containing fungi 
(because they would require surgical débridement). Using 
these exclusion criteria, Aeder et al estimated that only 
47% of patients with abdominal abscess would be candi- 
dates for percutaneous drainage. Johnson et al? were more 
liberal in their criteria but still required (1) a well estab- 
lished unilobar abscess, (2) a safe percutaneous route, (3) 
joint evaluation by surgeons and radiologists, and (4) 
immediate operative backup. More recently, this same 
group has liberalized their criteria to include more cate- 
gories of abscesses, but their success rate has fallen slightly 
from 86% to 7295.2 Most authors would agree that pancre- 
atic abscesses and other collections that contain debris 
often require surgical débridement and should be drained 
surgically. Both surgical drainage and percutaneous 
drainage are operator dependent, and those institutions 
that have a larger experience may perform one procedure 
better than the other. Thus, percutaneous drainage has a 
reported success rate varying from as low as 45% to as 
high as 9195," and mortalities that range from 0% to 
33% 12.18 There is a similar variation in mortality associated 
with surgical drainage. Surely, the patients in these series 
represent different ends of the spectrum of abdominal 
abscess, and selection criteria as well as expertise have 
determined to some degree the success rate and mortality. 
For example, if we included para-appendiceal and postap- 
pendectomy abscesses in this series we would substantially 
increase the initial success rate and reduce the mortality 
for surgical drainage. Because no para-appendiceal ab- 
scesses were drained percutaneously, we elected to exclude 
them from analysis. 

In this series, percutaneous drainage was, as a rule, not 
employed (1) for multiple abscesses, (2) for abscesses 
secondary to perforated diverticulitis, and (8) whenever 
the drainage route would traverse bowel. With these 
exclusions, percutaneous drainage was equivalent to sur- 
gical drainage in terms of initial success, mortality, and 
length of hospital stay. In particular, percutaneous drain- 
age was equally effective in treating postoperative ab- 
scesses with or without anastomotic leak. Others report a 
similar experience using percutaneous drainage for post- 
operative abscesses and abscesses caused by biliary, small- 
bowel, and gastric fistulas, as well as anastomotic 
leaks.*212425 Thus, we would recommend percutaneous 
drainage for most postoperative abscesses, and any other 
unilocular abscesses, for which the access route can be 
safely made. In addition, the initial success rate for 
subphrenic abscess was higher for those drained percuta- 
neously (78% vs 44% for those drained surgically). Al- 
though differences do not achieve significance because of 
small numbers, it appears that percutaneous drainage may 
be superior for subphrenic abscesses. Others have found 
percutaneous drainage to be highly successful for subphre- 
nic abscesses.” 

We would opt for surgical drainage when (1) abscesses 
are multiple, (2) the cause of the abscess needs to be 
removed (eg, diverticular abscess or appendiceal abscess), 
(3) surgical débridement will likely be required (ie, abscess 
secondary to pancreatitis), and (4) localization is unsure. 
Using these criteria, 46% of 90 group 2 patients, including 
those with para-appendiceal abscesses, were excluded from 
percutaneous drainage. 
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When an abscess is unilocular, clearly localized, acces- 
sible to drainage, and not associated with an ongoing 
disease process requiring an operation, percutaneous 
drainage is as good as, but no better than, surgical drainage 
when measured by initial drainage success, mortality, and 
hospital stay. Therefore, in these instances, the decision to 
drain an abscess surgically or percutaneously should be 
made on the basis of resources available (ie, percutaneous 
expertise and/or CT scanning) and the risks of administer- 
ing the anesthetic to the patient. 


This study was sponsored by Donald D. Trunkey, MD, from the Depart- 
ment of Surgery, Oregon Health Sciences University, Portland. 
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Discussion 
CARLOS A. PELLEGRINI, MD, San Francisco: Dr Deveney and 


colleagues underline, once again, the impact that CT has had in 
the management of patients with abdominal sepsis. Mortality for 
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patients treated between 1981 and 1986 is about half that experi- 
enced between 1973 and 1978. Like the authors, I believe that CT 
scans played a pivotal role in improving the outcome. However, 
unlike the authors, I am sure that a number of additional factors, 
such as the development of newer antibiotics, a better understand- 
ing of the role of anaerobic bacteria in the pathogenesis of intra- 
abdominal infection, and better resuscitation techniques, were 
equally important. In fact, in a retrospective study such as this, it 
is impossible to isolate these factors, and the authors have wisely 
avoided the issue. 

Instead, Dr Deveney et al successfully singled out the impor- 
tance of early diagnosis of abdominal infection when they showed 
that organ failure, an expression of advanced sepsis, was twice as 
common in group 1 patients and that when present it substantially 
increased the mortality of group 2 patients. I share their views 
with regard to the use of ultrasonography and other techniques, 
such as gallium and indium scans. In fact, when one suspects 
intra-abdominal sepsis, it may just be dangerous to use these 
other techniques because a false-negative test result may lull the 
physician into a sense of security and delay the appropriate 
treatment of abscess. 

Where I take issue with authors is with the analysis of percu- 
taneous vs surgical drainage in group 2 patients. I recognize that 
the eventual outcome of these two forms of therapy was the same, 
but I fail to understand the significance of this similarity. As the 
authors pointed out, patients were selected for one form of therapy 
or another based on the number, location, and cause of the 
presumed abscess. Thus, it seems to be that we are talking about 
two different groups of patients. At least, they were perceived as 
different by the physicians treating the patients, and the fact that 
mortality was similar has little bearing on the choice of therapy 
in the future. Perhaps Dr Deveney will want to expand on this 
issue in his closing remarks. 

Since our 1983 publication on the subject (Arch Surg 
1983;118:645-650) in which we showed the usefulness of a direct 
approach rather than a thorough abdominal exploration for abdom- 
inal sepsis, at the University of California, San Francisco, we have 
continuously expanded the indications for percutaneous drainage 
of abdominal abscesses. I see very little reason why it should not 
be tried as the first line of therapy in most patients with abdominal 
sepsis. The response to successful drainage is usually so dramatic 
that the failure is relatively easy to recognize. In these latter 
cases the clinical manifestations of sepsis persist, and an operation 
is unavoidable. I think this is another important point in the 
treatment of these patients: there must be a reasonably rapid 
resolution of sepsis, or one ought to continue to look for other 
sources or proceed with an exploration. There is a misconception 
among some surgeons that once an abscess has been drained 
percutaneously, the patient’s management falls into the hands of 
the interventional radiologists. We must keep clear in our minds 
that abdominal sepsis is the territory of the surgeon, that by 
doing percutaneous drainage we are not surrendering the care of 
the patient, not even the local care of the sepsis, and that we do, 
in fact, remain in charge. Maybe Dr Deveney will also want to 
comment on the relationship he and his colleagues have with their 
radiology department. 

Dr Deveney: This is a retrospective study and it does have 
limitations inasmuch as the groups are not prospectively random- 
ized and cannot be exactly compared. 
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As to the influence of newer antibioties, I think you could group 
many factors present in the 1980s that were unavailable in the 
1970s that would influence outcome. We tried to look at all these 
factors by assessing the amount of organ failure before drainage 
of abscess, and we showed less organ failure in group 2. This might 
be a result of better antibiotics, better resuscitation, or earlier 
recognition of the abscess. From our review of the data, we could 
not distinguish one from another, so we have grouped all of these 
factors into a large group and made the statement that we are 
doing better in those categories. 

The group of patients who underwent percutaneous drainage 
had a different distribution of abscesses than the ones who 
underwent surgical drainage. I brought that out in the report to 
demonstrate that many patients were excluded from percutaneous 
drainage. For example, any patient with an underlying disease 
process causing the abscess (eg, diverticulitis or periappendiceal 
abscess) was treated surgically and the disease process was 
resected when the abscess was drained, if possible. N evertheless, 
within the individual categories, such as postoperative leaks and 
postoperative abscesses, there were enough patients in the sur- 
gical and the percutaneous groups to compare the outcomes of 
those specific abscesses drained percutaneously with those 
drained surgically. 

We chose to do this study at the University of Pennsylvania 
because of the top-notch interventional radiologists there. I 
thought that we would show an advantage to percutaneous drain- 
age, but when we analyzed the factors of mortality, length of 
hospital stay, and initial suecess, we could find no difference 
between surgical and percutaneous drainage. 

What does this mean for the surgeon? It means it is logical to 
attempt percutaneous drainage first. You might avoid an operation. 
On the other hand, if you do not have the personnel to do it, it is 
perfectly reasonable to opt for surgical drainage because we can 
demonstrate no difference in either technique. 

Dr TRuNKEY: Dr Pellegrini has pointed out the importance of 
CT in making the diagnosis of intra-abdominal abscess and that 
early diagnosis more than anything else reduced death and organ 
failure in this series. 

We may have to change our concepts as to exactly what causes 
organ failure in light of some recent work coming out of Holland. 
Investigators are showing that it is not sepsis per se that causes 
the organ failure but more likely the mediators of inflammation. 
They have sterilized the gastrointestinal tract in critically ill 
patients in the postoperative period. Patients did not demonstrate 
intra-abdominal abscesses, septicemia, or bacteremia and yet still 
developed organ failure. The implication is that it was secondary 
to inflammation and that if we want to prevent organ failure we 
will have to understand the inflammatory mediators. 

Ihaveto disagree with Dr Pellegrini in his favoring percutaneous 
drainage. This report shows that anesthesia and surgery do not 
make a patient more ill than a relatively noninvasive technique 
such as percutaneous drainage surgery and that anesthesia is 
good for patients when applied prudently. The real decision in the 
treatment of these patients is the art of surgery. Certain abscesses 
and certain disease processes lend themselves best to a surgical 
approach. That is not to say that percutaneous drainage is bad. 
For a subphrenic abscess, percutaneous drainage may be best, but 
if abscesses are difficult or if they are multiple, then surgery is 
the best approach. 


Intra-abdominal Abscess— Deveney et al 


"— 


Consistent antibacterial activity 
(virtually unchanged):: 








*In vitro activity does not necessarily imply in vivo effectiveness. 


**against indicated organisms ERCK 
HA E 
For a Brief Summary of Prescribing Information, please see last page of this advertisement. HM 


« A 
€ , i s ho 
». . à i ^ ^ , iy). 

E uns k aa i. i Len, 





i 
$ 
! 
| 
| 
3 
7 


t 
à 
. L Da 


dert 
PAG 


4 
>y 
Lu 


[4 » - * á 
gae dt DASUN Brasi aa 


> ' 


de diae r S N om! 


1131 


i i [ay — NU. j i Uy ia ji AU Æ 
a x i ~ 


sre [o [s [mo [o [e [e [o [n 


Escherichia 
jar | or | or | 96 | 2 | 





Data from Antibiotic Susceptibility Reports, National Summary, in The Bacteriologic Report: Volume II 
1979-1986 and Volume | 1987, Totowa,NJ, BAC-DATA* Medical Information Systems, Inc., 1979—1987. 


Copyright © 1987 by Merck & Co., INC. 





MEFOXIN* (Cefoxitin Sodium, MSD) is indicated for the 
treatment of intraabdominal, gynecological, lower 
respiratory tract, and skin and skin-structure infections 
due to designated susceptible organisms including 
members of the Bacteroides fragilis group. (See 

Brief Summary for complete listing of Indications.) 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether 
the patient has had previous hypersensitivity reactions 
to cefoxitin, cephalosporins, penicillins, or other drugs. 
This product should be given with caution to penicillin- 
sensitive patients. 


Pseudomembranous colitis, from mild to life-threatening 
in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in 
association with antibiotic use. 





[ Extensive hospital experience in 
11 million patients 


[.] Comprehensive coverage* of 
Bacteroides fragilis group. Percent 
susceptible at 16 mcg/mL: B. fragilis 
(91%), B. thetaiotaomicron (84%), 
B. distasonis (78%), B. vulgatus 
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Indications and Usage: /reatment—Serious infections caused by susceptible strains 
of the designated m croorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms now 
called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 

group. * anc Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by F. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacteroides species including 
the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g., Strep. faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including 
the B. fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
Streptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may 
be started while awaiting these results. Cefoxitin is not active in vitro against most strains 
of Pseudomonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost uniformly resistant to 
cefoxitin. 

Prevention—Prophylactic use perioperatively (preoperatively, intraoperatively, and 
postoperatively) in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, 
transurethral prostatectomy) classified as contaminated or potentially contaminated or in 
patients in whom infection at operative site would present a serious risk, e.g., prosthetic 
arthroplasty; intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEFOXIN usually should be given 1⁄4 to 1 hour before surgery and should usually be 
stopped within 24 hours since continuing administration of any antibiotic increases the 
possibility of adverse reactions but, in the majority of surgical procedures, does not 
reduce the incidence of subsequent infection. However. in patients undergoing prosthetic 
arthroplasty, it is recommended that MEFOXIN be continued for 72 hours after the surgical 
procedure. If there are signs of infection. specimens for culture should be obtained for 
identification of the causative organism so appropriate therapy may be instituted 
Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group 
of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY. 
PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS. 
DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has 
been reported with virtually all antibiotics (including cephalosporins); 
therefore, it is important to consider its diagnosis when diarrhea develops in 
association with antibiotic use. Broad-spectrum antibiotics alter normal flora of 
colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile is 
a primary cause of antibiotic-associated colitis. Mild cases may respond to drug 
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discontinuance alone; in more severe cases, management may include sigmoidoscopy, 
appropriate bacteriological studies, fluid, electrolyte and protein supplementation, and use 
of a drug such as oral vancomycin; isolation of the patient may be advisable. Other causes 
of colitis should also be considered. 

Precautions: Genera/— Total daily dose should be reduced in patients with reduced 
urinary output due to renal insufficiency because high and prolonged serum antibiotic 
concentrations can occur from usual doses. Prescribe with caution in patients with a 
history of gastrointestinal disease, particularly colitis. Prolonged use may result in 
overgrowth of nonsusceptible organisms; repeated evaluation of the patient's condition is 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions —Increased nephrotoxicity has been reported following concomitant 
administration of cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (> 100 mcg/mL) may interfere 
with measurement of serum and urine creatinine levels by the Jaffé reaction and produce 
false increases of modest degree in creatinine levels reported; serum samples should not 
be analyzed for creatinine if withdrawn within 2 hours of cefoxitin administration. High 
concentrations may interfere with measurement of urinary 17-hydroxy-corticosteroids by 
the Porter-Silber reaction and produce false increases of modest degree in levels reported. 
A false-positive reaction for glucose in urine has been observed with CLINITEST** 
reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been 
performed on carcinogenic or mutagenic potential. Rat studies at approximately three times - 
maximum recommended human dosage revealed no effects on fertility or mating ability 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic 
or fetal toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin 
was associated with a high incidence of abortion and maternal death, neither considered 
teratogenic. There are, however, no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers —Excreled in human milk: Exercise caution. 

Pediatric Use—Safety and efficacy in infants from birth to three months have not yet been 
established. In children three months and older, higher doses have been associated with 
increased incidence of eosinophilia and elevated SGOT 

Adverse Reactions: The most common adverse reactions have been local reactions 
following intravenous or intramuscular injection. Other adverse reactions have been 
encountered infrequently. Loca/ Reactions—Thrombophlebitis with intravenous 
administration; pain, induration, and tenderness after intramuscular injections. Allergic 
Reactions—Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and other 
allergic reactions including anaphylaxis. Cerdiovascular —Hypotension. 
Gastrointestinal—Diarrhea, including documented pseudomembranous colitis during or 
after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, leukopenia 
including granulocytopenia, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may 
develop in some individuals, especially those with azotemia. Liver Function—Transient 
elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase: jaundice. Renal 
Function—tlevations in serum creatinine and/or blood urea nitrogen levels and. rarely, 
acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
staphylococcal and other infections involving a collection of pus, surgical drainage should 
be carried out where indicated. Intramuscular injections should be well within the body of 
a relatively large muscle such as the upper outer quadrant of the buttock (i.e. gluteus 
maximus); aspiration is necessary to avoid inadvertent injection into a blood vessel. The 
total daily dosage in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage* t 
vials containing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


* B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
* * Registered trademark of Ames Company, Division of Miles Laboratories, Inc 
t Registered trademark of Abbott Laboratories, Inc M S D 





For more delailed information, consult your MSD Representative or see 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., S 
Inc., West Point, PA 19486 J7MF59R (125) DOHME 


Complications of Prematurity That May 


Require Surgical Intervention 


Marshall Z. Schwartz, MD; Steven B. Palder, MD; Kenneth R. T. Tyson, MD; Clifford C. Marr, MD 


e Many complications related to prematurity may require 
surgical intervention. Between July 1981 and July 1987, treat- 
ment of patent ductus arteriosus (PDA) (228 patients), necro- 
tizing enterocolitis (NEC) (49 patients), and complications of 
high-pressure ventilation (eight patients) was reviewed. A 
PDA was ligated in 136 patients, with one death and one 
complication. Ninety-two patients had treatment with indo- 
methacin, with 35 failures. A PDA was associated with NEC in 
37 of the 49 patients, with a 73% mortality when they occurred 
within 72 hours of each other. Two patients died following 
pulmonary resection for lung cysts. The two patients with 
pneumoperitoneum and pneumopericardium were success- 
fully treated with tube drainage. A PDA ligation was success- 
ful, with low mortality and morbidity. Treatment with indo- 
methacin was unsuccessful in 38% of patients. There is a high 
mortality when NEC and PDA occur within 72 hours of each 
other. 

(Arch Surg 1988;123:1135-1138) 


remature delivery of infants remains at a significant 

level in the United States.' The ability to support the 
vital functions of these premature infants has steadily 
improved so that infants who weigh only 450 to 500 g or 
who are born at 24 to 25 weeks' gestation (6096 of term) 
may survive.? This improved survival has been made 
possible by the evolution of highly sophisticated neonatal 
intensive care units. These facilities utilize technologically 
advanced ventilators, continuous cutaneous oxygen and 
carbon dioxide monitoring, and marked advances in the 
clinical care of the pulmonary, hemodynamie, and nutri- 
tional needs of markedly premature infants. However, the 
ability to sustain extremely premature infants (<750 g) 
places them at risk for developing numerous life-threaten- 
ing complications. Many of the complications of extreme 
prematurity may require surgical intervention. Table 1 
gives some of these complications. Patent ductus arteriosus 
(PDA), necrotizing enterocolitis (NEC), and complications 
of high-pressure ventilation are some of the most frequent 
and form the primary focus of this report. 


PATIENT POPULATION 


From July 1981 through July 1987, 8400 premature infants were 
treated at the neonatal intensive care units of the University of 
California, Davis Medical Center and at Sutter Memorial Hospital, 
Sacramento. Thirteen percent of these infants weighed less than 
1500 g. A hemodynamically significant PDA, defined as clinical 
evidence of increasing respiratory failure, bounding peripheral 
pulses, and/or roentgenographic or echocardiographic evidence of 
a large PDA, was treated in 228 patients who weighed under 
1500 g (Table 2). The average gestational age in this group was 
28.1 weeks (range, 24 to 34 weeks), and the average birth weight 
was 963 g (range, 425 to 1500 g). Sixty-four patients (28%) weighed 
less than 750 g. Oral or intravenous (more recently) indomethacin 
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was the initial treatment in 92 patients. The initial indomethacin 
dose of 0.2 mg/kg was repeated daily, if necessary, for a total of 
0.6 mg/kg. Indomethacin therapy failed in 35 patients, and these 
patients underwent ligation. Ligation was the primary treatment 
in 136 patients. This was performed in the operating room with 
the patients under anesthesia. A very limited left-sided postero- 
lateral thoracotomy incision was made. A retropleural dissection 
was utilized to expose the PDA, which was occluded with a 
ligature and a metallic clip. The use of this approach resulted in 
negligible blood loss, and a chest tube was not necessary. The 
operative time ranged from 15 to 30 minutes. 

During the same time period, 49 patients developed NEC. 
Thirty-seven (76%) of these infants also required treatment for a 
PDA. The diagnosis of NEC was based on clinical signs and 
roentgenographic evidence of pneumatosis intestinalis and/or 
pneumoperitoneum.. The average birth weight for infants with 
NEC was 1085 g (range, 489 to 2041 g). Eighty-eight percent of 
these infants weighed less than 1500 g at birth. Seven infants 
were noted to have pneumoperitoneum on initial roentgenographie 
evaluation, and they underwent immediate surgical intervention. 
Either bowel resection with creation of stomas or placement of 
intraperitoneal drains (moribund patients) was performed. 
Twenty-two infants responded to medical management that con- 
sisted of intravenous crystalloid and colloid, nasogastric suction, 
and broad-spectrum antibiotics. Medical management was not 
successful in 20 infants. In this group, the development of pneu- 
moperitoneum necessitated operative intervention, with resection 
of the necrotic intestinal segment(s) and formation of stomas. 

In our series of patients with respiratory distress syndrome, 
positive-pressure ventilation with high mean airway pressure 
resulted in a 16% incidence of pneumothorax. Despite this high 
incidence, the frequency of pneumopericardium (Fig 1), pneumo- 
peritoneum (Fig 2), or severe pulmonary parenchymal changes 
that required surgical intervention was very low. During the past 
Six years, two infants required pulmonary resection for the 
development of progressive lung cysts. Pneumopericardium ne- 
cessitated placement of pericardial drainage tubes in an additional 
two patients. Pneumoperitoneum was managed by peritoneal 
drainage in three patients. 


RESULTS 


Ligation, either primary (n= 136) or secondary (n — 35), 
was uniformly successful. There was one perioperative 
death as a result of an acquired aortobronchial fistula. This 
occurred in a 500-g male infant (one of twins) who was 
receiving positive-pressure ventilation with very high in- 
spiratory pressures. At the time of PDA ligation, the 
patient had already developed pulmonary interstitial em- 
physema. Approximately 1.5 hours after PDA ligation, he 
developed acute cardiovascular collapse. Chest and abdom- 
inal roentgenograms revealed massive intra-arterial air 
that was presumed to be the result of an acute aortobron- 
chial fistula. One complication, a chylothorax, occurred 
postoperatively and spontaneously resolved. Only 15% of 
infants who underwent PDA ligation were able to be 
removed from ventilatory support within 72 hours of 
surgery, indicating the severity of their underlying pul- 
monary disease. In the surgical group, 96 patients (7196) 
were long-term survivors and were discharged from the 
hospital after an average stay of 77 days (range, eight to 
201 days). 

Pharmacologic management with indomethacin was util- 
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Table 1.—Potential Complications in Premature Infants 
That May Require Surgical Intervention 


Patent ductus arteriosus 
Gastrointestinal complications 
Gastric perforation 
Spontaneous 
latrogenic 
Necrotizing enterocolitis 
Bowel perforation and necrosis 
Stricture 
Fistula 
Tracheobronchial complications 
(usually related to prolonged intubation) 
Tracheal stenosis 
Tracheomalacia 
Pulmonary complications (usually 2° to 
high-pressure ventilation) 
Acquired pulmonary emphysema 
Acquired lung cyst 
Pneumomediastinum 
Pneumopericardium 
Pneumoperitoneum 
Complications related to vascular access 
Umbilical artery catheter 
Aortic or ileac thrombosis 
Emboli 
Umbilical vein catheter 
Portal vein thrombosis 
Omphalitis 
Central venous catheter 
Superior vena caval thrombosis 
Superior vena caval or right atrial perforation 
Acquired hydrocephalus 2° to intracranial hemorrhage 


Table 2.—Comparison of Sex, Gestational Age, and Birth 
Weight in 228 Patients Treated for PDA* 


Surgical Indomethacin Indomethacin 
Ligation (n=136) Treated (n=92) Failure (n=35) 







































Gestation, wk 
Average 








Birth weight, g 


Average 903 


425-1500 














525-1500 530-1500 


*PDA indicates patent ductus arteriosus. 


ized in 92 patients. In this group, 38% received one dose, 
40% received two doses, and 22% received three doses. 
Indomethacin failed to close the PDA in 35 patients (3896) 
necessitating ligation. Eleven (31%) of these patients 
weighed less than 750 g. Long-term survival in the indo- 
methacin-treated group was 91%. The average hospital 
stay was 68 days (range, ten to 256 days). 


NEC 


The overall mortality in the 49 patients with NEC was 
29% (data summarized in Table 3). Two deaths (17%) 
occurred in the 12 infants who developed NEC without 
evidence of a PDA. Sixteen infants developed NEC before 
treatment for a PDA. Eight of these infants developed 
NEC within 24 hours before ductal closure, with six deaths 
(75% mortality). Necrotizing enterocolitis developed 25 to 
72 hours before ductal closure in three infants, with 100% 
mortality. The remaining five infants developed NEC 
greater than seven days before ductal closure, with 100% 
survival. Thus, the overall mortality for this group was 
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Fig 1.—Pneumopericardium in premature infant receiving high 
positive-pressure ventilation. Tubes are in right and left pleural 
spaces. 


Fig 2.—Massive pneumoperitoneum in premature infant receiving 
high positive-pressure ventilation. 


56% (9/16). 

Twenty-one infants had the onset of NEC after PDA 
closure. Three infants developed NEC within 24 hours of 
PDA treatment, with one death. One infant had the onset 
of NEC in the 25- to 72-hour period and died. It was 
significant that only one of 17 patients died (6% mortality) 
one had onset of NEC greater than 72 hours after PDA 
therapy. Therefore, the mortality for infants with NEC 
occurring after PDA was only 1496 (3/21) Thus, the 
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Table 3.—Mortality From NEC in Patients Without PDA and 
Relationship to Time of Onset of NEC and PDA to Mortality* 


No. of No. of Mortality 
Patients Deaths Rate, % 


NEC with no PDA 12 17 


NEC before PDA 
<24h 8 


25-72 h 3 
>72h 5 
Subtotal 16 


NEC after PDA 
<24 h 


25-72 h 
>72 h 
Subtotal 
*NEC indicates necrotizing enterocolitis; PDA, patent ductus arteriosus. 





mortality was fourfold greater (56% vs 14%) when the 
onset of NEC was before rather than after the treatment 
of a PDA. Further analysis of our data shows that if NEC 
and PDA occurred within 72 hours of each other, the 
mortality was 73% compared with a 9% mortality when a 
hemodynamically significant PDA did not develop or when 
it occurred more than 72 hours before or after the onset of 
NEC. The average birth weight for survivors (1206 g) was 
39% higher than for nonsurvivors (863 g). Surgical inter- 
vention for NEC was necessary in 93% of infants (13/15) 
when the PDA and NEC occurred within 72 hours of each 
other. Only 11 (50%) of 22 infants required surgical inter- 
vention for NEC when the PDA occurred more than 72 
hours before or after the onset of NEC. 


Alveolar Rupture 


Pneumopericardium was successfully treated by drain- 
age in both patients. However, one patient ultimately died 
of progressive pulmonary failure. Tense pneumoperito- 
neum with secondary ventilatory compromise required 
tube drainage in three patients, with one patient surviving 
long term. 

Both patients ultimately died who required pulmonary 
resection for progressively enlarging acquired lung cysts. 


COMMENT 


Perinatal and neonatal mortality rates have been steadily 
decreasing in most developed countries. Improved survival 
rates have been most dramatic in the premature age group. 
Infants who weigh 800 to 1500 g have had a reduction in 
mortality from 85% in 1960 to less than 20% in 1985.2 
Unfortunately, the improved survival in premature infants 
has revealed that these infants are at risk for developing 
many life-threatening complications. We have reviewed our 
experience for some of the more common complications 
that may require surgical intervention. Our data suggest 
that PDA ligation can be performed with very low morbid- 
ity and mortality even in infants who weigh less than 
800 g. Mikhail et al,? Ghosh et al,‘ and Mavroudis et alë also 
have reported a low mortality and morbidity with surgical 
closure. We identified a 35% failure rate with the use of 
indomethacin that occurred mostly in the very small 
infants. This finding is consistent with previous reports. +61 

Because indomethacin produces visceral vasospasm, it 
was postulated that indomethacin-induced intestinal ische- 
mia may initiate NEC. However, our data did not establish 
a correlation between the use of indomethacin and the 
development of NEC. 
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A dramatic increase in mortality was seen when a PDA 
and NEC occurred within 72 hours of each other. In 
addition, patients with NEC had a lower frequency of 
surgical intervention when the PDA occurred more than 
72 hours before or after the onset of NEC. Other investi- 
gators have noted a relationship between a PDA and NEC, 
but the specific role that one entity plays in the develop- 
ment of the other is unclear.*? Touloukian” has suggested 
that a PDA can produce visceral ischemia, perhaps leading 
to NEC. Conversely, Brown and Sweet! stated that the 
release of toxic substances from an ischemic intestine may 
result in reopening of a functionally closed PDA. The 
higher incidence of surgical exploration in patients with 
NEC and a PDA likely reflects the increased visceral 
ischemia and hemodynamic alterations from the ductus. 
The combination of a PDA and NEC occurring within 72 
hours of each other is associated with a high mortality. 

Our experience with alveolar rupture and secondary air 
leak is similar to other reports.'?:* Although the incidence 
of air leak is high in premature infants who require positive- 
pressure ventilation, the frequencies of pneumopericar- 
dium and pneumoperitoneum are low. We agree with other 
reports"? that treatment of these complications by tube 
drainage is frequently indicated to avoid acute cardiovas- 
cular and respiratory decompensation. 

The morbidity and mortality for infants who weigh over 
800 g has improved significantly in the past two decades. 
However, the mortality in infants who weigh less than 
750 g remains high despite the commitment of enormous 
resources. As new information and technology become 
available for these extremely premature infants, the 
chances for more prolonged survival is likely to occur. 
Associated with this prolonged survival may be new chal- 
lenges to the neonatologist and pediatric surgeon. 


References 


l. Paneth N, Kiely JL, Wallenstein S: Newborn intensive care and 
neonatal mortality in low birth weight infants: A population study. N Engl 
J Med 1982;307:149-155. 

2. Usher R: Extremely premature infants, in Avery GB (ed): Neonat- 
ology: Pathophysiology and Management of the Newborn. Philadelphia, JB 
Lippincott Co, 1987, pp 241-257. 

3. Mikhail M, Lee W, Toews W, et al: Surgical and medical experience 
with 734 premature infants with patent ductus arteriosus. J Thorac 
Cardiovasc Surg 1982;83:349-357. 

4. Ghosh PK, Lubiner J, Mogilnar M, et al: Ligation of patent ductus 
arteriosus in very low birth-weight premature neonates. Thorax 
1985;40:533-537. 

5. Mavroudis C, Cook LN, Fleishaker JW, et al: Management of patent 
ductus arteriosus in the premature infant: Indomethacin versus ligation. 
Ann Thorac Surg 1983;36:561-566. 

6. Gersony WM, Peckham GJ, Ellison RC, et al: Effects of indomethacin 
in premature infants with patent ductus arteriosus: Results of a national 
collaborative study. J Pediatr 1983;102:895-906. 

7. Neal WA, Kyle JM, Mullett MD: Failure of indomethacin therapy to 
induce closure of patent ductus arteriosus in premature infants with 
respiratory distress syndrome. J Pediatr 1977;91:621-623. 

8. Reyes ME, Chiu T, Garrison RD, et al: Neonatal necrotizing entero- 
colitis: An overview. J Fla Med Assoc 1983;70:821-825. 

9. Milner ME, de la Monte SM, Moore GW, et al: Risk factors for 
developing and dying from necrotizing enterocolitis. J Pediatr Gastroenterol 
Nutr 1986;5:359-364. 

10. Touloukian RJ: Etiologic role of the circulation, in Brown EG, Sweet 
AY (eds): Neonatal Necrotizing Enterocolitis. New York, Grune & Stratton, 
1980, p 41. 

11. Brown EG, Sweet AY: Neonatal necrotizing enterocolitis. Pediatr 
Clin North Am 1982;29:1149-1700. 

12. Emery RW, Foker J, Thompson TR: Neonatal pneumopericardium: A 
surgical emergency. Ann Thorac Surg 1984;37:128-132. 

13. Glenski JA, Hall RT: Neonatal pneumopericardium: Analysis of 
ventilatory variables. Crit Care Med 1984;12:439-442. 


Discussion 
ALFRED A. DE LoniMiER, MD, San Francisco: This is a nice 
summary of the unique problems that require surgical attention 
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in the management of premature infants. In the authors’ nurseries, 
surgical ligation of a PDA was clearly favored over medical 
management—particularly in the use of indomethacin. Surgical 
ligation was performed as a primary procedure 60% of the time, 
and indomethacin treatment was considered a failure, requiring 
surgical ligation in 38% of their cases. 

Dr Schwartz and colleagues’ analysis provoked an investigation 
of our experience with PDA at the University of California, San 
Francisco (UCSF). During a comparable period from 1982 to 1987, 
my associates and I obtained data only on the inborn premature 
infants who weighed less than 1500 g, thereby limiting many 
variables in management, which preceded transfer to the UCSF. 
Overall, 36% of our infants developed a PDA, with a survival rate 
of 85%. Only 26% of our patients had a surgical ligation as the 
initial approach to treatment. There is a greater failure rate of 
indomethacin treatment in the more premature infants—whereby 
in the 500- to 1000-g weight range, 73% required surgical closure 
of the PDA after indomethacin treatment. 

In a direct comparison of the authors’ data and that at the 
UCSF, it should be noted that one third of our infants had closure 
of the PDA without indomethacin or ligation. This is consistent 
with the results in the national collaborative study reported by 
Gersony et al.* The overall survival of an infant with a PDA at the 
UCSF is a comparable 85%. In view of the many studies demon- 
strating the efficacy of indomethacin, why is ligation so prevalent 
in the authors’ nurseries, and what criteria are used to determine 
which treatment is chosen? 

At Mount Zion Hospital, San Francisco, Ron Clyman, MD, has 
a particular research interest in pharmacologic control of PDA 
elosure. As a result, all of the infants who developed a hemody- 
namically signifieant PDA were treated initially with indometha- 
cin, and only 12% required ligation of the ductus. Subsequently, 
since 1982, indomethacin is given to every infant who develops a 
murmur even in the absence of hemodynamic signs of a shunt. The 
number of infants who require surgical ligation has dropped to 
5%. In view of these results, one must conclude that more 
aggressive and even prophylactic use of indomethacin should be 
considered, since it is less expensive than surgical closure of the 
PDA and has comparable morbidity/mortality. 

Our ratio of infants with PDA and NEC is approximately 5:1, 
similar to Dr Schwartz and coworkers’ report. We could not 
correlate mortality in infants with NEC with a presence or absence 
of a PDA, perhaps because of our small number of patients. Since 
the authors note a 70% mortality when a PDA develops after 
NEC, how do they propose to improve their results? 

Timotuy G. Canty, MD, San Diego: There are three groups of 
diseases that afflict these infants. First, there are the physiologic 
and/or anatomic diseases, such as PDA and respiratory distress 
syndrome, that may be the result of these infants just being born 
too early. Second, there are diseases, eg, NEC, in which there is 
both a physiologic insult and perhaps an iatrogenic insult. Third, 
there are the diseases of progress that are clearly iatrogenic 
problems; these include catheter-related problems, the problems 
with barotrauma that develop in infants receiving long-term 
ventilation, and others clearly related to our technologic advances 
in treatment. 

What is surprising with this population is the remarkable ability 
of the premature neonate to withstand the extreme stresses of 
these insults and surgical intervention. We see infants with NEC, 
bowel perforation, and massive peritoneal contamination who 
survive operation in the majority of cases. 

We must continue to look at this population carefully, as there 
is an inereasing number of infants whose primary mortality and 
morbidity are related to the sophisticated technologie treatment 
that they are receiving, rather than any primary disease. Iatro- 
genesis has become a significant cause of morbidity and mortality 
not only in neonatal intensive care units but in intensive care units 
in general. 

Joun RICHARD CAMPBELL, MD, Portland, Ore: My colleagues 
and I have looked at our own experience and wondered whether 
or not indomethacin might increase the incidence of NEC. Can 
the authors tell us whether or not there is a causative relationship 
and, if not, does indomethacin produce a form of NEC that is more 
virulent? 

Eric W. FoNKkaLsRUD, MD, Los Angeles: The majority of 
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neonatologists are aggressive in the treatment of PDA with 
indomethacin in infants at an early age. Could Dr Schwartz tell 
us at what age most of his patients come to surgery for ductus 
closure? Is it in the first three or four days? Do most patients have 
an opportunity to receive some indomethacin, or do the majority go 
directly to surgery? 

We are not sure of the relationship between the development of 
NEC and the administration of indomethacin. Furthermore, there 
are several contraindications to the use of indomethacin, eg, 
central nervous system hemorrhage, increasing the serum creat- 
inine level, the presence of jaundice, and in the small premature 
infant, so that the use of surgery is certainly important. 

The authors mentioned that several infants had NEC at the 
time the PDA was surgically closed. Have any required abdominal 
operations for NEC at the same time as PDA ligation? Or did the 
PDA ligation improve the NEC? 

Morton M. WoorLEv, MD, Los Angeles: Dr Schwartz, have 
any of your patients who have been treated with indomethacin had 
perforated duodenal ulcers? 

Dr Scuwartz: Dr de Lorimier, the decision to proceed with 
ligation or use indomethacin in our environment is based mostly 
on the bias of the neonatologists at the separate neonatal units. 
The neonatologists at Sutter Memorial Hospital prefer ligation, 
especially in premature infants who weigh under 1000 g. They 
were not happy with the results obtained with indomethacin in 
this group. They felt that avoidance of the potential adverse side 
effects from indomethacin is preferable, especially when operating 
room availability is usually not a problem, and the results of 
ligation have been good. At the University of California, Davis 
Medical Center, the demand for operating room time is great, 
therefore making it somewhat more difficult to schedule the 
procedures. Also, the neonatologists at this institution prefer to 
use indomethacin more often. Therefore, the form of treatment is 
determined mostly by the preference of the neonatologists, which 
is different between the two units. 

Dr Canty, I agree with your categorization of surgical problems 
in prematurity as physiologic, acquired, and iatrogenie, with an 
emphasis on iatrogenic. Unfortunately, in the markedly premature 
infant, it is not possible to avoid high-pressure ventilation and the 
use of indwelling catheters given our current knowledge and 
technology. 

Dr Campbell, I was concerned about a rise in the incidence of 
NEC when the intravenous form of indomethacin became available 
several years ago. It causes significant visceral vasoconstriction, 
and although we do not know the cause of NEC, giving premature 
infants a drug that causes visceral vasoconstriction would seem to 
place them at increased risk of developing NEC. However, neither 
our data nor data from other centers have been able to identify a 
direct correlation between the use of indomethacin and NEC. 

It is difficult to know how to improve the survival in the infants 
in whom the PDA presented after the onset of NEC. One consider- 
ation should be adequate fluid resuscitation. Occasionally, the 
early signs of NEC may be missed so that increased fluid 
administration is not initiated. With the ductus open, there may 
be a more pronounced decrease in visceral perfusion, resulting in 
more extensive bowel involvement. Perhaps earlier fluid resusci- 
tation to support them hemodynamically may diminish the severity 
of the NEC. 

Thus, this study was initiated with the idea of trying to see if 
there was a correlation between indomethacin and the onset of 
NEC; I did not find one. Whether indomethacin causes a more 
virulent form of NEC is not possible to determine in our patient 
series because our numbers are not large enough. 

Dr Fonkalsrud, rarely are we asked to intervene surgically in 
infants less than a week old, even though they may have evidence 
of a ductus by the second or third day of life. The presence of a 
PDA with a significant left-to-right shunt is not going to help 
pulmonary function. Fluid restriction, furosemide (Lasix), etc, 
which are used to diminish the effects of the shunt, may not be 
advantageous to the infant in the long run. Earlier treatment of a 
PDA, whether it be with indomethacin or ligation, may be 
beneficial. | 

Dr Woolley, we have not seen a relationship between duodenal 
perforation and indomethacin. 
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Its called talking. If your older patients don’t 
ask you about the prescriptions they've been 
given, make it a point to tell them what they 
need to know. Make sure they know the 
medicine’s name, how and when to take it, 
precautions, and possible side effects. En- 
courage them to write down the information and 
ask you questions about things they don’t 
understand. 
You'll also want to take a complete medica- 

tions history including both prescription and 
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| non-prescription medicines. The history can > 
e^ alert you to the potential for drug interactions 2 
» and help you simplify their regimen. 
v) Re-introduce the oldest advance in A 
4) medicines. Make talking a crucial part of your 
o! practice. Because good, clear communication , | 
4) about medicines isn't a thing of the past. It's the L 
e) way to a healthier future. ) 
d ) 
S Before they take it, i 
5 talk about it. 
v) 534 £ National Council on ^ 
] A K Patient Information and Education. b 
AX 666 Eleventh St. N.W. Suite 810 j 
>) Washington, D.C. 20001 \ 
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Selective Management of 
Abdominal Stab Wounds 


Importance of the Physical Examination 


Robert M. Shorr, MD; Michael M. Gottlieb; Kenneth Webb, RN; Leonard Ishiguro; Thomas V. Berne, MD 


e The treatment of patients with anterior abdominal stab 
wounds remains controversial. We reserve celiotomy for pa- 
tients who have clinical findings of peritonitis or hemorrhage. 
Repeated physical examination is the most important element 
of observation. Recently, 330 patients with stable abdominal 
stab wounds presented over a 12-month period. These pa- 
tients were followed up with serial physical examinations and 
laboratory measurements. Of the 330 patients, 107 patients 
(32%) required celiotomy for the repair of a life-threatening 
injury (group 1); 28 patients (8%) underwent nontherapeutic 
celiotomies (group 2); 19 patients (6%) had negative explora- 
tions (group 3); and 176 patients (53%) were observed and 
discharged (group 4). There were three missed injuries in 
group 4. Serial physical examination can be a reliable tech- 
nique in the management of abdominal stab wounds and is 
comparable to other approaches. 

(Arch Surg 1988;123:1141-1145) 


tab wounds to the abdomen have become extremely 
common surgical emergencies in most urban centers. 

It is estimated that 183 550 such injuries occur annually in 
the United States.' Treatment of the stable, asymptomatic 
patient with an abdominal stab wound remains controver- 
sial. Care for these patients has evolved from prompt 
surgical exploration of all patients with stab wounds?? 
toward more selective approaches.** Various techniques of 
selectivity have included sinography (“stabograms”) to 
assess peritoneal violation,” local wound exploration to 
assess peritoneal violation," local wound exploration with 
peritoneal lavage,'?* and serial physical examination. ^55 
Over the past ten years, exploration coupled with lavage 
has been discussed as a possible technique to avoid both 
unnecessary operative exploration and delays in diagno- 
sis. For the last 30 years, the treatment of patients with 
abdominal stab wounds and no initial evidence of peritoni- 
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tis, hemorrhage, or evisceration at the Los Angeles 
County-University of Southern California Medical Center 
has been based primarily on clinical findings.*!'* Celiotomy 
is reserved for patients in whom evidence of peritonitis or 
bleeding develops, with ancillary measures such as peri- 
toneal lavage and local wound exploration reserved for a 
small number of patients with specific indications. The 
purpose of this study is to report a recent one-year 
experience with selective management of anterior abdom- 
inal and flank stab wounds. 


PATIENTS AND METHODS 


From April 1986 through March 1987, 639 patients with flank 
and abdominal stab wounds presented to Los Angeles County- 
University of Southern California Medical Center. Of these pa- 
tients, 302 demonstrated findings that dictated an immediate 
operation. These included patients who presented in shock, pa- 
tients with overt peritonitis, patients who had omental or bowel 
evisceration, or those who had suffered impalement injuries. Seven 
patients who had adjuvant studies done, such as peritoneal lavage 
or a computed tomographic scan, were also excluded. The remain- 
ing 330 consecutive patients are the subject of this report. 
Abdominal stab wounds were defined as those in the region of the 
anterior abdominal wall bordered by the costal margin, the 
anterior axillary line laterally and the symphysis pubis and 
inguinal ligament inferiorly. The flank was defined as the region 
between the anterior and posterior axillary line. Although patients 
with posterior abdominal stab wounds are also treated selectively 
at our institution, with low morbidity and mortality,” all patients 
with injuries medial to the posterior axillary line were excluded 
from this analysis. There were 83 patients with flank wounds, 242 
patients with abdominal wounds, and five patients who sustained 
both flank and abdominal wounds. There were 305 men and 25 
women, a male-to-female ratio of 12:1. The age of the study 
population ranged from 16 to 67 years, with a mean of 28.5 years. 
Patients were initially evaluated in the emergency room by a 
surgery resident. A carefully performed physical examination 
usually provides the most important information based on which 
the decision for or against operative intervention is made. Al- 
though this examination often discloses findings consonant with 
overt parietal wall injury, it is possible to determine when these 
are explainable by the known parietal injury.'5* If the patients were 
stable and had no indication for an operation, they were brought 
to the surgical admitting ward, where they were observed and 
monitored. Following initial physical examination, appropriate 
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laboratory and roentgenographic studies were performed, includ- 
ing a complete blood cell count, urinalysis, serum amylase concen- 
tration, serial hematocrits, and a chest film. Celiotomy was 
performed for the following indications: increasing tenderness or 
rigidity, suggesting peritonitis; bright red blood from the gastro- 
intestinal tract; roentgenographic pneumoperitoneum; tachycar- 


. dia; hypotension; hyperamylasemia; a changing hematocrit; or an 


elevated temperature. Neither narcotics nor antipyretics were 


. given during the observation period. 


REPORT OF CASES 


Case 1.—A 35-year-old man sustained an anterior abdominal 
stab wound in the left lower quadrant. The patient's vital signs 
were stable, and results of physical examinations were normal 
throughout his 24-hour in-hospital observation period. A regular 
diet was begun eight hours after admission. He remained asymp- 
tomatic, afebrile, and without significant findings during his stay. 
The patient returned with abdominal pain and the clinical findings 
of peritonitis 24 hours after discharge. The patient underwent 
exploratory surgery and was found to have a small-bowel injury, 
which was repaired primarily. Postoperatively, pneumonia devel- 
oped and required 48 hours of postoperative ventilatory support. 
He was discharged with no further problems on the day after 
surgery. 

Case 2.—A 51-year-old man sustained an anterior abdominal 
stab wound in his right upper quadrant. The patient was observed 
in the hospital for 36 hours. During that time, the patient's vital 
signs were stable. During the initial observation period, he 
complained of mild abdominal pain, which subsided. A regular 
diet was started ten hours after observation; he tolerated this well 
and was discharged 24 hours after admission. Thirty-six hours 
after discharge, the patient returned with abdominal distention 
and overt peritonitis. The patient underwent celiotomy and was 
found to have a perforated gallbladder. Cholecystectomy was 
performed, and the patient had no postoperative complications. 
He was discharged on the fifth day after surgery. 

Case 3.—4 51-year-old man sustained a stab wound in the left 
upper quadrant. The patient was observed and initially remained 
asymptomatic and had no significant findings. A regular diet was 
begun. However, during the patient's observation period, he 
complained of significant diffuse abdominal discomfort and was 
given three injections of narcoties. The patient was discharged 
after tolerating a regular diet. He returned to our hospital 18 


hours later with the signs of peritonitis. On exploration the patient 


was found to have a pancreatic injury as well as a transverse colon 
injury. These wounds required colonic resection with colostomy 
and distal pancreatectomy with splenectomy. A gastrostomy and 
feeding jejunostomy were placed. Multiple complications devel- 
oped, including an enterocutaneous fistula, wound dehiscence, 
pneumonia, line sepsis, and a pulmonary embolus. The patient 
was eventually discharged on the 102nd day after surgery, and he 
returned six months later for an uneventful colostomy closure. 

The following tabulations summarize the surgical indications 
and injuries encountered and the complications of these three 
missed injuries as well as those of the six patients who had a delay 
before surgery greater than 18 hours. 


Reasons for Operation No. of Patients 


Peritonitis 8 
Pain 2 
Falling hematocrit 1 
Injuries No. of Patients 
Hollow viscera 8 
Colon 3 
Diaphragm 2 
Complications No. of Patients 
Delirium 1 
Atelectasis 1 


Enterocutaneous fistula 

Wound dehiscence 

Pulmonary embolus 1 
Pneumonia 

Line sepsis 
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RESULTS 


The patients were retrospectively divided into four 
groups. Group 1 contained 107 patients who were observed 
and subsequently required surgical exploration. At oper- 
ation, at least one injury was identified that would have 
caused morbidity without surgical intervention. These 
operations were termed therapeutic celiotomies. Reasons 
for surgical exploration and the injuries that were encoun- 
tered in this group are as follows. 


Reasons for Operation No. of Patients 


Pain 52 
Peritonitis 43 
Shock 6 
Falling hematocrit 3 
Free air 2 
Fever 2 
Injuries No. of Patients 
Solid viscera 55 
Hollow viscera 31 
Diaphragm 16 
Vascular 12 
Complications No. of Patients 
Sepsis 20 
Pneumonia 11 
Small-bowel obstruction 4 
Delirium tremors 3 
Pseudocyst 1 
Seizure 1 
Prolonged ileus 1 


The patients had usually been observed for six to eight 
hours before surgical exploration. However, six patients 
were observed for greater than 18 hours in the hospital 
before the necessity for operation was identified and 
patients were taken to the operating room. The delay in 
these six patients ranged from 21 to 48 hours (mean, 30.2 
hours). Their sites of injury included the liver, small bowel, 
spleen, diaphragm, and kidney. No complications occurred 
following these delayed operations except for delirium 
tremors occurring postoperatively in one patient. 

Group 2 consisted of 28 patients who underwent surgical 
exploration but whose celiotomies disclosed an injury from 
which no morbidity would have occurred without operation. 
Such an operation was termed a nontherapeutic celiotomy. 
Surgical findings and complications were as follows. 


Injuries No. of Patients 
Liver laceration 17 
Hemoperitoneum 4 
Omental laceration 3 
Psoas laceration 2 
Fascial defect 1 
Serosal tear 1 


Complications No. of Patients 
Postoperative fever 2 
Hypoxia 1 


The indications for celiotomy in these patients were the 
development of pain away from the stab wound site in 13 
patients and overt peritonitis in 15 others. Complications 
developed in three patients, including postoperative fever 
in two and transient postoperative hypoxemia in one. The 
most common injury found in these cases was a hemoperi- 
toneum due to a nonbleeding superficial liver laceration. 
Group 3 included 19 patients who underwent a celiotomy 
during which no intraperitoneal injury was found. These 
operations were termed negative celiotomies. The reasons 
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for operative intervention in this group were as follows. 


Reasons for Operations No. of Patients 


Pain 14 
Falling hematocrit 2 
Peritonitis 1 
Shock 1 
Fever 1 
Complications No. of Patients 
Pulmonary 1 
Septic 1 


The two complications encountered were a postoperative 
fever in one patient and pneumonia with a subsequent 
empyema in a second patient. 

Group 4, the observed nonoperative group, consisted of 
176 patients. Patients who were observed for eight to 14 
hours in the surgical admitting area who were determined 
not to have any evidence of peritonitis or bleeding were 
transferred to the surgical ward. A regular diet was begun, 
and monitoring was continued. These patients remained 
asymptomatic while they were in the hospital and were 
discharged 24 to 48 hours after admission. They were 
followed up in the wound-check clinic one week after 
discharge. Three patients from this group subsequently 
returned to the hospital, and all of them had an injury that 
was not detected during the initial observation period. 

COMMENT 

Until 1960, when Shaftan* published his classic report 
on the selective management of abdominal stab wounds, 
the dietum that all patients with abdominal stab wounds 
require exploratory celiotomy went unchallenged. Since 
that time, various selective techniques have been de- 
scribed. In 1977, Thal’ published the first report on the 
selective management of stab wounds utilizing peritoneal 
lavage. Since then, most reports of series using peritoneal 
lavage have agreed that the presence of feces, bile, food 
material, and bacteria seen on a Gram’s stain or more than 
20 mL of gross blood returned define a “positive” lavage. 
However, controversy exists concerning the number of red 
blood cells required in lavage fluid for it to be deemed a 
positive lavage. Subsequently, Oreskovich and Carrico” 
described 572 patients with stab wounds of the anterior 
abdomen (not flanks). Three hundred eighty-seven stable 
patients with no signs of peritonitis were selectively 
treated with wound exploration and peritoneal lavage. In 
this study, 151 patients underwent a negative local wound 
exploration (no peritoneal violation) and were discharged 
from the emergency room. Of these 151 patients, none 
subsequently required celiotomy. However, we share the 
concern of others" that false-negative results occur with 
this procedure, and we would feel uncomfortable if we did 
not observe such patients for approximately 24 hours. Two 
hundred thirty-six patients had a positive wound explora- 
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tion and subsequent peritoneal lavage. Using 1 x 10° red 
blood cells per liter as the criterion for exploration, the 
authors reported no missed injuries; however, no distine- 
tion was made between injuries that required correction 
and those that did not. The negative exploration rate was 
14% (54/387). 

In 1984, Feliciano and associates“ reported on 1150 
patients with anterior abdominal stab wounds; 500 of these 
patients were in stable condition and showed no signs of 
peritonitis or hemorrhage. These patients were evaluated 
with local wound exploration and, if the peritoneum was 
violated, a peritoneal lavage was performed. The criterion 
used for deeming the lavage positive was a red blood cell 
count greater than 1x10"/L, a white blood cell count of 
0.5 x 10%”/L, or a grossly positive initial peritoneal tap of 
greater than 20 mL of blood. Based on a positive lavage, 
224 patients underwent surgery, and 154 patients in this 
group underwent therapeutic celiotomies. Twenty-six pa- 
tients (5.2%) underwent nontherapeutic celiotomies, and 
37 patients (7.4%) had negative celiotomies. Among the 
remaining 276 patients, who had red blood cell counts on 
lavage lower than 1x10"/L, seven required subsequent 
surgery and five had significant injuries; one of these 
patients died. 

Of the 330 patients included in this report, serial physical 
and laboratory examinations identified 107 patients who 
required therapeutic procedures. Only 19 patients (5.8%) 
had negative explorations, and 28 (8.5%) had injuries that 
were not life-threatening. We believe that the negative 
exploration rate of 5.8% and nontherapeutic rate of 8.5% 
are acceptably low (Table). Of the 176 patients we observed 
and discharged, three patients were identified as having 
missed injuries, for an overall missed injury rate of 0.9%. 
Two of these patients remained asymptomatic during their 
observation period and returned with peritonitis. Their 
injuries included an isolated gallbladder perforation and a 
small-bowel injury, and there was little morbidity. The 
third missed injury was in a patient with pancreas and 
colon injury. This patient experienced significant abdomi- 
nal pain and received narcotics for pain control during the 
observation period. This violated one of our basic tenets of 
observation. This patient should have undergone explora- 
tion when pain developed. His prolonged postoperative 
course is a reflection of the magnitude of his injury and 
the delay in recognizing it. 

Our overall morbidity was 11% (59 complications in 36 
patients), and there were no deaths. One argument against 
the use of serial physical examinations is that a significant 
delay can occur in patients in whom peritonitis develops 
slowly from a perforated viscus. Although the diagnosis of 
injury was often not made until six to eight hours following 
admission to the hospital, the overall morbidity remains 
low. Also, the six patients who had a delay in diagnosis 
greater than 18 hours did not have any major complications. 


Recent Reports of the Management of Abdominal Stab Wounds 


No. of Selective Nontherapeutic Negative Missed 
Source, y Patients Technique Celiotomies, % Celiotomies, % Injuries, 96 
Oreskovich and Carrico,'* 387 Wound exploration, lavage Not reported 14 0 (no deaths) 
1983 (1 x 10? red blood cells 
per liter) 
Feliciano et al,'* 500 Wound exploration, lavage 5.2 7.4 1 (one death) 
1984 (1 x 10" red blood cells 
per liter) 
Present study 330 Serial physical 8.5 5.8 9 (no deaths) 


examinations 
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This was not true in the three patients whose injuries were 
not diagnosed during their initial observation period. 
However, excluding the one patient for whom the protocol 
was violated, the single complication in the group with 
missed injuries was intubation for 48 hours. 

The Table reviews the results of these three studies. The 
studies by Oreskovich and Carrico? and Feliciano and 
colleagues'* were selected for comparison because of their 
careful reporting and excellent results. The outcome ap- 
pears to be similar when the various approaches to selective 
management are used. Wound exploration, peritoneal la- 
vage, and complex roentgenographic techniques are useful 
in individual patients under specific cireumstances, but we 
believe that serial physical examinations play the dominant 





role in providing a safe, reliable method for evaluating 
patients with stable stab wounds. This report demonstrates 
that this method combines a high accuracy rate with low 
nontherapeutic and negative exploration rates. The mor- 
bidity associated with a longer period of observation before 
surgical exploration does not increase the overall morbidity. 

Though hospital costs may be higher over the short term 
due to the in-hospital observation period, we believe that 
there will be overall economic benefits from minimizing 
the number of negative and nontherapeutic procedures. In 
an environment in which physical examination can be 
frequently repeated, such observations can be safely em- 
ployed as the cornerstone in the treatment of stable 
patients with abdominal stab wounds. 
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Discussion 


C. JAMES Carrico, MD, Seattle: There is a difference between 
what is sufficient and what is essential. The physical examination 
is essential in the treatment of patients with stab wounds of the 
abdomen, but serial physical examination alone is not sufficient. 

The authors have very little trouble with their data. They missed 
196 of the intra-abdominal injuries. Those three patients returned. 
One patient had no significant complications, one patient received 
ventilator assistance for 48 hours, and one patient was in the 
hospital for 102 days and survived multiple complications; the 
surgeons were very skilled in managing these many complications. 

Their conclusion that observation with sequential physical ex- 
amination ean be applied as the cornerstone of the treatment of pa- 
tients in stable condition with stab wounds of the abdomen is jus- 
tified, but the operative word is can. The real issue is this: Is this 
the appropriate or preferable approach to treating these patients? 

We need to identify our goals: (1) We must minimize the number 
of missed injuries and the accompanying morbidity and potential 
mortality. (2) We must minimize the number of nonproductive or 
nontherapeutic celiotomies. (3) We must minimize the cost to the 
patient and to society. 

The authors refer to an article by Dr Oreskovich and me? 
published in 1988. The algorithm we proposed in that article and 
that we continue to use is as follows. 

On one side are the patients about whom there is no debate, 
patients in whom the results of physical examination strongly 
suggest significant injury. These patients are expeditiously taken 
to the operating room for celiotomy. About one third of the 575 
patients in our series fell into this category. All of these patients 
had significant intra-abdominal injuries that required repair. The 
remaining two thirds of the patients, whose physical examination 
results are negative, are more difficult to treat. 

Our next step, which the authors chose not to use, is local wound 
exploration carried out by the surgeon responsible for the long- 
term care of the patient. Local wound exploration is not intended 
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to identify patients who need celiotomy; it is intended to identify 
patients who clearly do not need celiotomy. This group of patients 
consists of those who have a stab wound that does not penetrate 
the peritoneum, and we use penetration of the anterior abdominal 
fascia as an even safer guideline. These patients simply have a 
laceration of the abdominal wall that does not involve muscle. The 
wound is débrided like any other laceration, and these patients 
are discharged in the emergency room. 

If there is any uncertainty, the patient is treated as if the local 
exploration were positive and is admitted for observation. None 
of these patients have returned with missed intra-abdominal 
injuries, and we eliminate another third of patients who do not 
need hospitalization by the local exploration technique. This does 
not apply to flank wounds. 

This leaves one third of the patients with undetermined status. 
We observe these patients, as the authors do, but in addition we 
use peritoneal lavage to try to further reduce the number of 
patients whose injuries would be missed or whose treatment would 
be delayed. Peritoneal lavage is particularly useful in picking up 
hollow viscus injuries in these patients, and those were the ones 
the authors missed. 

In our 1983 article, there were no missed injuries and was no 
mortality. There was a 14% incidence of negative and/or nonthera- 
peutie laparotomies. One hundred fifty of roughly 500 patients 
were treated without hospitalization, and another 150 patients 
were hospitalized for 36 hours or less. 

On the other hand, the authors had three missed injuries. One 
patient was hospitalized for over 100 days, an equivalent of 15% 
negative or nontherapeutic laparotomies. All patients were hos- 
pitalized for 24 to 48 hours. 

Based on that comparison, physical examination is an essential 
part of the appropriate treatment of patients with stab wounds to 
the abdomen but is not sufficient alone to reach the goals we have 
established. 
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experience with local wound exploration in p 
in stable condition with stab wounds to the abdomen? Do you have 
any data substantiating your concerns about injuries missed by 
local exploration? What can you tell us about costs? It would be 
particularly interesting to know what the bill was for the patient 
who was in the hospital for 102 days. 

Norman M. CHRISTENSEN, MD, Eureka, Calif: What can be 
done in a hospital staffed with residents is one thing, but I would 
hate to see this become a standard practice in hospitals manned 
by surgeons who go home every night. These abdominal wounds 
should be explored with patients under local anesthesia or in some 
other way, and if the wound does penetrate the peritoneum, the 
patient should undergo exploration. 

GEORGE BERCI, MD, Los Angeles: Several years ago, we thought 
the most logical way to make an accurate assessment about 
whether stab wounds penetrated was to look into the abdominal 
cavity by laparoscopy. 

The authors described 107 patients who were observed and then 
underwent exploration, with positive findings. In group 2, 28 
patients underwent exploration, with some traumatic findings, 
but no surgical therapy was required. In group 3, 19 patients 
underwent exploration, with negative findings. Therefore, 47 
patients underwent exploration without requiring surgical ther- 
apy. 
With simple stab wounds in patients who do not have acute 
abdomen or generalized peritonitis and who are in hemodynamic- 
ally stable condition, in the emergency room with the patient 
under local anesthesia with intravenous sedation through a sepa- 
rate stab wound, we introduce a miniature laparoscope after 
closing the stab wound. We then know exactly whether this stab 
wound penetrated the peritoneum. 

If penetration has occurred, we introduce a second accessory 
trochar and lift the intestinal loops beneath the stab wound to 
check for any bleeding, injury, or abnormal yellowish fluid in the 
abdomen. 

I am a proponent of this procedure. The disadvantage is that 
there is a capital outlay of $2000 or $3000 to have an instrument 
available that can be wheeled from the emergency room to the 
intensive care unit. A training period is necessary. We could train 
a senior house officer and, after ten cases under supervision, leave 
him alone. Our results have been exceedingly good. 

Stab wounds can be assessed more accurately than lavage, which 
is too sensitive; if the lavage is positive we have to do exploratory 
surgery, and not every hemoperitoneum needs exploration. We 
have solid data to support this statement; we have published two 
articles on this subject. 

F. WiLLIAM BLAISDELL, MD, Sacramento, Calif: The tragedy of 
trauma is that 20% to 30% of the deaths are preventable, and most 
of these deaths are related to failure to recognize simple injuries. 

I have no problem with major trauma centers treating patients 
as the authors advocate, with careful recurrent physical exami- 
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by himself in a small community. He cannot afford to spend time 
on serial examination for these patients. When there is doubt 
about the nature of the injury, I believe laparotomy is the one 
definitive test to rule out potentially life-threatening injury. I am 
always concerned when indirect measures are used to assess 
patients, because we are going to miss some injuries, particularly 
in smaller communities that have less experience with trauma. 

ARTHUR N. Tuomas, MD, San Francisco: I am concerned about 
the 150 or so patients who had delayed indications for laparotomy. 
The morbidity in that group was roughly 20% to 25%, which seems 
excessive. What about the delay in identifying these patients? 
Was there excess morbidity in this group? 

Dn BERNE: Dr Carrico, we have not done a cost analysis. We do 
not bill in the way most hospitals bill. However, there is a problem 
equating charges with costs. The actual cost to the hospital 
probably is the greatest in the first few hours in the admitting 
room; the extra time spent observing these rather healthy young 
gladiators probably does not cost the hospital very much. 

We have done stab-wound explorations. There was a flurry of 
interest right after the 1983 University of Washington, Seattle, 


article on abdominal stab wounds," and we started doing explo- 4 


rations again. We attempted to do a randomized study comparing 
the University of Washington approach and our own approach, 
but we ran into problems with consent. Our institutional review 
board would not allow us to do the study without informed consent, 
and because so many of these patients have an altered mental 
status due to drugs or alcohol, we were unable to do the study. 

Drs Christensen and Blaisdell, we agree that this approach is 
only applicable to hospitals that have appropriate staffing, in 
which repeated physical examinations can be done. However, 
because of the trauma-center systems that have been set up in the 
United States and because stab wounds tend to be an urban 
violence problem, the vast majority of patients with stab wounds 
come to facilities that have in-house residents and, therefore, 
could carry out frequent physical examinations. 

Dr Berci, we have not used peritoneoscopy in such cases, but 
the idea is interesting. I would like to see a report of a series of 
cases using peritoneoscopy. 

We eliminated stab wounds above the costal margin and posterior 
stab wounds just to have a purer group of patients to study. 

In regard to delays in diagnosis, six patients were operated on 
after a delay of 18 hours or more. These patients had no greater 
morbidity than the patients operated on soon after admission. 
Although there was one serious complication in a patient dis- 
charged with an unrecognized injury due to a protocol violation, 
the mortality rate was 0, and the unnecessary celiotomy rate was 
low in comparison to those in other reported series. 

A less invasive approach to managing abdominal stab wounds is 
an acceptable alternative. 
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A COMPONENT OF HEALTHEAST 
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Cephradine Capsules USP  . 
VELOSEF: FOR ORAL SUSPENSION 
Cephradine for Oral Suspension USP 


DESCRIPTION: Velosef '250' Capsules and Velosef ‘500’ Capsules 
(Cephradine Capsules USP) provide 250 mg and 500 mg cephradine, 
respectively, per capsule. Velosef ‘125’ for Oral Suspension and Velosef 
'250' for Oral Suspension (Cephradine for Oral Suspension USP) af- 
ter constitution provide 125 mg and 250 mg cephradine, respectively, 
per 5 ml teaspoonful. 


INDICATIONS AND USAGE: These preparations are indicated for the 
treatment of infections caused by susceptible strains of designated 
m:croorganisms as follows: Respiratory Tract Infections (e.g., tonsilli- 
tis, pharyngitis, and lobar pneumonia) due to S. pneumoniae (for- 
merly D. pneumoniae) and group A beta-hemolytic streptococci 
[penicillin is the usual drug of choice in the treatment and prevention 
of streptococcal infections, including the prophylaxis of rheumatic 
fever; Velosef (Cephradine, Squibb) is generally effective in the eradi- 
cation of streptococci from the nasopharynx; substantial data es- 
tablishing the efficacy of Velosef in the subsequent prevention of 
rheumatic fever are not available at present]; Otitis Media due to group 
A beta-hemolytic streptococci, H. influenzae, staphylococci, and S. 
pneumoniae; Skin and Skin Structures Infections due to staphylo- 
cocci and beta-hemolytic streptococci; Urinary Tract Infections, in- 
cluding prostatitis, due to E. coli, P mirabilis, Klebsiella species, and 
enterococci (S. faecalis). 

Note: Culture and susceptibility tests should be initiated prior to 
and during therapy. 


CONTRAINDICATIONS: In patients with known hypersensitivity to the 
cephalosporin group of antibiotics. 


WARNINGS: Use cephalosporin derivatives with great caution in 
penicillin-sensitive patients since there is clinical and laboratory evi- 
dence of partial cross-allergenicity of the two groups of antibiotics; 
there are instances of reactions to both drug classes (including ana- 
phylaxis after parenteral use). In persons who have demonstrated some 
form of allergy, particularly to drugs, use antibiotics, including cephra- 
dine, cautiously and only when absolutely necessary. 

Pseudomembranous colitis has been reported with the use of 
cephalosporins (and other broad spectrum antibiotics); therefore, 
it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. Treatment with broad spec- 
trum antibiotics alters normal flora of the colon and may permit 
overgrowth of clostridia. Studies indicate a toxin produced by Clos- 
tridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the 
toxin in vitro. Mild cases of colitis may respond to drug discontinu- 
ance alone. Manage moderate to severe cases with fluid, electrolyte 
and protein supplementation as indicated. Oral vancomycin is the 
treatment of choice for antibiotic-associated pseudomembranous co- 
litis produced by C. difficile when the colitis is severe or is not relieved 
by drug discontinuance; consider other causes of colitis. 


PRECAUTIONS: General: Follow patients carefully to detect any side 
effects or unusual manifestations of drug idiosyncrasy. If a hypersen- 
sitivity reaction occurs, discontinue the drug and treat the patient with 
the usual agents, e.g., pressor amines, antihistamines, or corticoste- 
roids. Administer cephradine with caution in the presence of mark- 
edly impaired renal function. In patients with known or suspected 
renal impairment. make careful clinical observation and appropriate 
laboratory studies prior to and during therapy as cephradine accumu- 
‘ates in the serum and tissues. See package insert for information on 
treatment of patients with impaired renal function. Prescribe cephra- 
dine with caution in individuals with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use of antibiotics may promote the 
overgrowth of nonsusceptible organisms. Take appropriate measures 
should superinfection occur during therapy. Indicated surgical pro- 
cedures should be performed in conjunction with antibiotic therapy. 


Information for Patients: Caution diabetic patients that false results 
may occur with urine glucose tests (see PRECAUTIONS, Drug/ 
Laboratory Test Interactions). Advise the patient to comply with the 
full course of therapy even if he begins to feel better and to take a 
missed dose as soon as possible. Tell the patient he may take this 
medication with food or milk since G.I. upset may be a factor in com- 
pliance with the dosage regimen. The patient should report current 
use of any medicines and should be cautioned not to take other medi- 
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Laboratory Tests: In patients with known or suspected renal im- 
pairment, it is advisable to monitor renal function. 

Drug Interactions: When administered concurrently, the following 
drugs may interact with cephalosporins: 

Other antibacterial agents—Bacteriostats may interfere with the bac- 
tericidal action of cephalosporins in acute infection; other agents, 
e.g., aminoglycosides, colistin, polymyxins, vancomycin, may increase 
the possibility of nephrotoxicity. 

Diuretics (potent “loop diuretics,” e.g., furosemide and ethacrynic 
acid)—Enhanced possibility for renal toxicity. 

Probenecid—Increased and prolonged blood levels of cephalo- 
sporins, resulting in increased risk of nephrotoxicity. 


Drug/Laboratory Test Interactions: After treatment with cephradine, 
a false-positive reaction for glucose in the urine may occur with Ben- 
edict's solution, Fehling's solution, or with Clinitest" tablets, but not 
with enzyme-based tests such as Clinistix" and Tes-Tape'. False- 
positive Coombs test results may occur in newborns whose mothers 
received a cephalosporin prior to delivery. Cephalosporins have been 
reported to cause false-positive reactions in tests for urinary proteins 
which use sulfosalicylic acid, false elevations of urinary 17-ketosteroid 
values, and prolonged prothrombin times. 


Carcinogenesis, Mutagenesis: Long-term studies in animals have not 
been performed to evaluate carcinogenic potential or mutagenesis. 


Pregnancy Category B: Reproduction studies have been performed 
in mice and rats at doses up to four times the maximum indicated 
human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cephradine. There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal re- 
production studies are not always predictive of human response, use 
this drug during pregnancy only if clearly needed. 


Nursing Mothers: Since cephradine is excreted in breast milk during 
lactation, exercise caution when administering cephradine to a nurs- 
ing woman. 


Pediatric Use: Adequate information is unavailable on the efficacy of 
bid regimens in children under nine months of age. 


ADVERSE REACTIONS: Untoward reactions are limited essentially to 
G.I. disturbances and, on occasion, to hypersensitivity phenomena. 
The latter are more likely to occur in persons who have previously 
demonstrated hypersensitivity and those with a history of allergy, 
asthma, hay fever, or urticaria. 

The following adverse reactions have been reported following use 
of cephradine: G.I.-Symptoms of pseudomembranous colitis can ap- 
pear during antibiotic therapy; nausea and vomiting have been re- 
ported rarely. Skin and Hypersensitivity Reactions—mild urticaria or 
skin rash, pruritus, joint pains. Hematologic—mild, transient eosin- 
ophilia, leukopenia and neutropenia. Liver—transient mild rise of SGOT, 
SGPT, and total bilirubin with no evidence of hepatocellular damage. 
Renal-transitory rises in BUN have been observed in some patients 
treated with cephalosporins; their frequency increases in patients 
over 50 years old. In adults for whom serum creatinine determina- 
tions were performed, the rise in BUN was not accompanied by a rise 
in serum creatinine. Others—dizziness, tightness in the chest, and 
candidal vaginitis. 


DOSAGE: Adults—For respiratory tract infections (other than lobar 
pneumonia) and skin and skin structure infections: 250 mg q 6 h or 
500 mg q 12 h. For lobar pneumonia: 500 mg q 6h or 1g q 12 h. For 
uncomplicated urinary tract infections: 500 mg q 12 h; for more seri- 
ous UTI, including prostatitis, 500 mg q 6h or 1g q 12 h. Severe or 
chronic infections may require larger doses (up to 1 g q 6 h). For 
dosage recommendations in patients with impaired renal function, 
consult package insert. 

Children over nine months of age—25 to 50 mg/kg/day in equally 
divided doses q 6 or 12 h. For otitis media due to H. influenzae: 75 to 
100 mg/kg/day in equally divided doses q 6 or 12 h but not to exceed 
4 g/day. Dosage for children should not exceed dosage recommended 
for adults. There are no adequate data available on efficacy of bid 
regimens in children under 9 months of age. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: 250 mg and 500 mg capsules in bottles of 24 and 
100, and Unimatic” unit-dose packs of 100. 125 mg and 250 mg for 
oral suspension in bottles of 100 ml and 200 ml, and Unimatic" unit- 
dose packs of 100. (44-0924) 
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Early Fluid Requirements in Trauma Patients 


A Predictor of Pulmonary Failure and Mortality 


Mary J. Vassar, MS; Jeff Moore, MD; Colleen A. Perry, RN; Johnese Spisso, RN; James W. Holeroft, MD 


* The fluid required for initial resuscitation of trauma pa- 
tients should reflect, at least in part, the severity of the original 
injuries and shock. We examined the hypothesis that the initial 
fluid requirements might also predict development of subse- 
quent pulmonary failure and death. Fluid balances were 
calculated for the first 24 hours in the intensive care unit 
for 100 high-risk trauma patients. The mean (+1 SD) fluid 
balance for 63 patients who developed pulmonary failure was 
4.6+5.5 L; the mean balances for the 37 patients who did not 
develop pulmonary failure were 1.0+3.1 L. The balances in 23 
patients who died and in 77 who survived were 6.8+5.4 and 
2.2+4.5 L, respectively. A cutoff value of 3 L determined 
prospectively before beginning the study predicted pulmonary 
failure with a sensitivity of 52% and a specificity of 89%. For 
mortality, the 3-L cutoff point gave a sensitivity of 74% and a 
specificity of 74%. The predictive value of the fluid balance 
was independent of other prognostic indicators, such as 
revised trauma scores, Injury Severity Scores, and modified 
APACHE Il scores. This simple measurement should help in 
allocating intensive care unit resources, as patients in positive 
fluid balance are likely to require Swan-Ganz catheterization 
and are likely to require long-term mechanical ventilation. The 
fluid balance should also be useful in stratifying patients for 
entry into clinical trials. 

(Arch Surg 1988;123:1149-1157) 


emre shock and trauma lead to extravasation of plasma 
into the interstitium: and to intracellular sequestra- 
tion of water and electrolytes.?? Resuscitation of severely 
injured patients requires replenishment of vascular volume 
that is lost by these pathologic processes and the amount 
of fluid required for replenishment should correlate with 
the severity of the shock and trauma. Assuming that the 
severity of the initial shock and trauma determine, at least 
in part, subsequent development of pulmonary failure and 
death, it would be reasonable to hypothesize that fluid 
requirements in the initial resuscitation should be corre- 
lated with later development of organ failure and death. 
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To examine this hypothesis, we retrospectively reviewed 
the charts of 180 patients admitted to our surgical intensive 
care unit (ICU). Of 53 patients with fluid balances of 3 L 
or more, 66% developed ventilator dependence for four or 
more days. In contrast, only 14% of the 127 patients with 
fluid balances of less than 3 L went on to develop this 
degree of pulmonary failure. This association between an 
initial 3-L positive fluid balance and subsequent pulmonary 
failure was highly significant (P = .001 by x? analysis), with 
a particularly strong association in the trauma patients 
and a weaker association in the septic patients. 

We then prospectively evaluated the hypothesis that a 
positive fluid balance of 3 L or more in the first 24 hours 
would predict later development of pulmonary failure and 
death by following the course of high-risk trauma patients 
admitted to the ICU. This is a report on the prospective 
study. 


PATIENTS AND METHODS 


The charts of 201 consecutive trauma patients admitted to the 
surgical ICU between September 1986 and April 1987 were 
reviewed to select 100 patients who, at 24 hours, were still alive 
and who continued to require mechanical ventilation. These 100 
patients were evaluated for subsequent development of pulmonary 
failure and mortality. Of the 101 excluded patients, seven had died 
before 24 hours in the ICU had elapsed, two had aspirated gastric 
contents and were excluded because of the dominating effect of 
aspiration on subsequent pulmonary function, and 92 were extu- 
bated and breathing spontaneously at 24 hours. These 92 patients 
were excluded because they were not thought to be at risk for 
developing pulmonary failure or for dying, and, indeed, only three 
of these patients required mechanical ventilation later in their 
hospital course and all 92 patients survived to leave the hospital. 

The charts of the 100 high-risk patients were analyzed for initial 
24-hour fluid requirements and balances, number of days intu- 
bated, number of days hospitalized, and survival to leave the 
hospital. Twenty-four-hour fluid balances were calculated by 
subtracting urine outputs, chest tube outputs, and gastrointestinal 
tract drainage from total input (crystalloid and blood) during the 
first 24 hours in the ICU. Input and output during transport to 
the hospital, during initial resuscitation in the emergency room, 
and during emergence from anesthesia in the recovery room were 
not included. 

Revised trauma score (RTS),‘ Injury Severity Score (ISS),* and 
modified APACHE II scores were also caleulated, with the 
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Table 1.—Description of Patients* 


Patients 
Patients With Without 
All Pulmonary Pulmonary 
Patients Failure Failure Nonsurvivors Survivors 
Characteristic (n=100) (n=63) (n=37) Significancet (n= 23) (n=77) Significancet 








38+17 
(16-85) 


6.3+1.7 
(0.6-7.8) 
29+11 30+10 
(9-75) (16-75) 
Modified APACHE II scores 8+5 
(1-22) 
9.7 +10.2 
(1.9-49.1) 
2.6+1.5 
(0.9-7.4) 
4.6+5.5 
(—3.7-25.0) 


239 + 89 
(55-423) 


41+18 
(17-85) 


6.1+1.9 
(0.6-7.8) 


32+12 
(16-65) 


6.7 + 1.3 
(3.1-7.8) 


27+12 
(9-75) 


50+ 21 
(19-85) 


6.0+2.0 
(0.6-7.8) 
33+13 27+10 
(16-75) (9-75) 
11+5 5+4 
(4-21) (0-22) 
13.2+ 141 6.1+5.2 
(3.6-49.1) (1.1-29.3) 


34+ 13 
(16-69) 


6.4+ 1.6 
(1.2-7.8) 


Revised Field trauma scores 


Injury Severity Scores 


24-h intake, L 7.7+8.6 


(1.1-49.1) 


2.6+1.4 
(0.9-7.4) 

3.2+5.1 
(—4.2-25.0) 


267+95 
(55-484) 


4.5+2.8 
(1.1-16.6) 


ITENI 
(1.0-5.6) 

1.0 £3.1 
(—4.2-13.2) 


316 +84 
(163-484) 


24-h urinary output, L 


6.8 +45.4 
(0.5-25.0) 


203 + 86 
(78-395) 


2.2+4.5 
(—4.2-23.6) 


286 + 89 
(55-484) 


24-h fluid balances, L 


Pao,/Fio, indexes, mm Hgt 


10+12 
(0-58) 


Blood transfused, U 


13+6 
(3-30)/38 


Pulmonary arterial wedge 


pressures, mm Hg/No. of patients (3-30)/36 


*Values are the mean + SD (range). 


13-6 6-3 
(4-8)/2 





13-4 
(5-22)/16 


13+7 
(3-30)/22 


+P values were obtained by a Mann-Whitney two-tailed test. NS indicates not significant. 
tPao,/Fio, indicates the ratio of partial pressure of arterial oxygen to inspired oxygen. 


APACHE II scores being calculated from values obtained at 24 
hours after admission to the ICU instead of using the worst 
values, as is the usual procedure for standard APACHE II score 
assignment.* This was done to provide a common 24-hour time 
point for collection of all of the data. The ratios of the partial 
pressures of oxygen in systemic arterial blood to inspired oxygen 
concentrations (Pao,/Fio, indexes) were calculated from values 
obtained at 24 hours. Blood requirements included all units given 
in the hospital for up to 24 hours in the ICU. 

The following definitions were used to describe the injuries and 
clinical conditions. Major trauma was defined as any injury that 
included one or more of the following characteristics: (1) transfu- 
sion of 10 U or more of blood within 12 hours from the time of 
injury; or (2) fractures of two or more major long bones; or (3) an 
unstable pelvie fracture involving one or more breaks in the 
posterior pelvic ring.’ Pulmonary failure was defined as the need 
for four or more days of mechanical ventilation with diffuse 
bilateral infiltrates visible on a chest roentgenogram. Severe adult 
respiratory distress syndrome (ARDS) was defined as the need 
for mechanical ventilation in the presence of all of the following 
characteristics: (1) at least 5 em of H,O of positive end-expiratory 
pressure; (2) a Pao,/Fio, index of less than 150 mm for more than 
24 hours; and (3) diffuse bilateral infiltrates visible on a chest 
roentgenogram. 

A x? analysis was used to evaluate the prospectively determined 
hypothesis that positive fluid balances of 3 L or more during the 
first 24 hours in the ICU were associated with subsequent 
pulmonary failure and death. A x’ analysis was also used to 
evaluate retrospectively developed 2x2 contingency tables for 
other risk factors. A receiver operating characteristic curve? was 
generated to evaluate the cutoff point of 3 L, and other curves 
were generated to evaluate retrospectively determined cutoff 
points for other risk factors. The sensitivity and specificity for 
each risk factor were calculated from a decision matrix, resulting 
in four combinations of results based on the presence or absence 
of pulmonary failure or mortality in relation to the presence or 
absence of a risk factor. The predictive values (posttest probabili- 
ties) for each risk factor were determined by using Bayes’ theo- 
rem.? Overall survival was approximated by Kaplan-Meier survi- 
vor curves. Differences between the curves were determined both 
by a generalized Wilcoxon test and by a Cox proportional-hazards 
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model. Logistic regression techniques were used to evaluate 
retrospectively determined risk factors, such as revised trauma 
scores, ISSs, modified APACHE II scores, and blood require- 
ments.” Means, SDs, and ranges are indicated in the tables and 
text. Comparisons between groups were by the Mann-Whitney 
two-tailed test with no corrections made for multiple comparisons. 


RESULTS 


Of the 100 high-risk patients, 70 had suffered blunt 
injuries with an overall mortality of 3096 and 30 patients 
had suffered penetrating injuries with an overall mortality 
of 7%. Of the 43 patients with major trauma, 77% developed 
pulmonary failure and 3396 died. Of the 57 who did not 
have major trauma, 5396 developed pulmonary failure and 
16% died. The differences in incidence of pulmonary failure 
and death between the patients with and without major 
trauma were both significant (P=.01 and .05, respec- 
tively). 

The clinical variables for all 100 patients are shown in 
Table 1. Of the 100 patients, 63 developed pulmonary 
failure and 37 did not, 23 patients died, and 77 patients 
survived to leave the hospital. All of the patients who died 
developed severe ARDS, most of them with multiple organ 
failure and complications of sepsis. Only two patients with 
severe ARDS survived. The variables that were signifi- 
cantly different in the patients who developed pulmonary 
failure vs those who did not included age, modified 
APACHE II scores, fluid intakes, fluid balances, Pao;/Fio, 
indexes, and blood requirements. These variables were 
also significantly different in the patients who subse- 
quently died in the hospital vs those who did not. 

The pulmonary arterial wedge pressures and urinary 
outputs did not differ in patients who developed pulmonary 
failure vs those who did not, and did not differ in patients 
who later died vs those who did not (Table 1). Pulmonary 
arterial catheters were not used in all of the 100 patients 
but only in those patients who were the sickest, as dem- 


Fluid Requirements—Vassar et al 


P 


12 


10 


No. of Patients 





3 





4 





08 910. 11. 12.13. t2 B 


Fluid Balance, L 


Fig 1.—Initial 24-hour fluid balances in 100 high-risk trauma patients. Black bars indicate patients who eventually 
required four or more days of mechanical ventilation; shaded bars, patients who required less than four days. 


onstrated by the catheters’ use primarily in patients who 
developed pulmonary failure. Wedge pressures were, on 
average, within normal ranges. Five patients had isolated 
measurements of greater than 18 mm Hg. Of these patients, 
four survived. 


Association of Fluid Balance and 
Subsequent Pulmonary Failure 


A histogram of fluid balance in patients who did and did 
not develop pulmonary failure is shown in Fig 1. Of the 63 
patients who developed pulmonary failure, 33 had fluid 
balances of 3 L or more in the first 24 hours. Of the 37 
patients who did not develop pulmonary failure, only four 
had balances of 3 L or more in the first 24 hours (P = .0001). 
Analysis of the receiver operating characteristic curve (Fig 
2, top) supported the predetermined choice of 3 L as a 
clinieally acceptable estimate for risk of developing pul- 
monary failure. Cutoff points of 0, 1, or 2 L gave higher 
true-positive ratios but also higher false-positive ratios; 
cutoff points of 5, 6, or 7 L gave lower false-positive ratios 
but generated lower true-positive ratios. The validity of 
the 3-L cutoff point is confirmed in Fig 2, bottom, in which 
later development of pulmonary failure is plotted against 
different ranges of fluid balance. The rate of mortality 
increased abruptly at the break point between 0 to 2.9 and 
3 to 5.9 L positive balance. (The plot for —6.0to —3.1 may 
be misleading; the 67% incidence represents a total of only 
three patients at risk.) 

A 2x2 contingency table and predietive values for 
development of pulmonary failure for the cutoff point of 
3 L are shown in Tables 2 and 3. The 3-L value was highly 
significant (P —.0001 by x? analysis). The probability in 
this group of patients that an individual patient would 


Arch Surg— Vol 123, Sept 1988 





Table 2.—Summary of the Incidence of Pulmonary Failure 
and Mortality in Relation to Risk Factors 












Pulmonary Failure, Mortality, 






No. of Patients No. of Patients 
M 
Present Absent P* Died Lived p* 









Fluid balance, L 
2z9 





Revised field trauma 
score 
<6 


>6 








APACHE II score 
=8 30 1 


<8 







Pao,/Fio, indext 
<250 mm Hg 


=250 mm Hg 







*P values were obtained by x? analysis. 
tPao,/Fio, indicates the ratio of partial pressure of arterial oxygen to 
inspired oxygen. 
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Fig 2.—Top, Receiver operating character- 
istic curve for fluid balance and later devel- 
opment of pulmonary failure. Sensitivity is 
represented by true-positive ratio on y axis; 
1— specificity is represented by false-pos- 
itive ratio on x axis. Bottom, Incidence of 
pulmonary failure for different ranges of 
initial fluid balances. Numbers above bars 
indicate number of patients with given fluid 
balance divided into number who devel- 
oped pulmonary failure. Highly significant 
association, both by x? analysis and by 
logistic regression. 
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Fig 3.—Distributions for individual risk factors and incidence of pulmonary failure. RTS 
indicates revised trauma score; ISS, injury severity score; and Pao,/Fio,, ratio of partial 
pressure of arterial oxygen to inspired oxygen. 


develop pulmonary failure if his or her initial fluid balance 
was 3 L or more was 8996 (Table 3); the probability of 
developing pulmonary failure with a fluid balance less than 
3 L (again in high-risk patients such as these) was 48% 
(Table 3). 


Association of Other Risk Factors 
and Subsequent Pulmonary Failure 


The incidence of pulmonary failure as a function of other 
routinely employed scores is indicated in Fig 3. The 2x2 
contingency tables and predictive values for development 
of pulmonary failure for these same scores are indicated in 
Tables 2 and 3. Receiver operating characteristic curves 
were used to generate the indicated cutoff points. The 
values assigned to age, RTS, APACHE II, Pao,/Fio, index, 
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and units of blood transfused were all significant in pre- 
dicting development of pulmonary failure. The ISS was not 
significant at any cutoff point for prediction of pulmonary 
failure. 

To determine whether the influence on development of 
pulmonary failure of a positive fluid balance of 3 L or more 
could be explained by other variables, we used a stepwise 
logistic regression. Of all the variables measured, fluid 
balance (P =.002), modified APACHE II score (P= .0001), 
Pao,/Fio, index (P=.001), and units of blood transfused 
(P =.004) were the best predictors for later development 
of pulmonary failure. 

Evaluation of any combination of two risk factors and 
subsequent development of pulmonary failure was per- 
formed with the best cutoff points for the four variables 
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True-Positive Ratio 
Specificity, % 


Pulmonary 





Age =40 y 38 56 84 








Revised field trauma score <6 42 31 81 
Injury Severity Score >40 14 26 95 
APACHE II score at 24 h =8 47 74 97 
Pao,/Fio, index <250 mm Hg* 54 74 73 
Blood transfused —4 U 68 74 65 


Table 3.—Specificity, Sensitivity, and Predictive Values for Different Risk Factors 


True-Negative Ratio 
Sensitivity, % 


Pulmonary 


Failure Mortality Failure Mortality Failure Mortality Failure Mortality 
Fluid balance 23 L 52 74 89 74 89 46 48 9 
78 80 50 56 8 










Probability of Pulmonary Failure or Mortality 
a — HÀ EET 
Negative for 
Risk Factor, % 








Positive for 
Risk Factor, 96 


















Pulmonary Pulmonary 


























89 78 31 54 19 
94 83 56 61 19 
65 96 55 48 9 
65 77 39 52 11 
49 77 30 33 14 





*Pao,/Fio, indicates the ratio of partial pressure of arterial oxygen to inspired oxygen. 


No. of Patients 


Fluid Balance, L 





Fig 4.—Initial 24-hour fluid balances and subsequent mortality. Black bars indi- 
cate patients who died during hospitalization; shaded bars, patients who survived. 


identified in the stepwise logistic regression model. Of the 
six possible combinations of two risk factors, all were 
shown to be significant by x? analysis for prediction of 
pulmonary failure (data not shown). However, the sensitiv- 
ity, specificity, and predictive values for any combination 
of two risk factors did not improve on the results obtained 
from the 3-L cutoff point alone. 


Association of Fluid Balance 
and Subsequent Mortality 


A histogram of fluid balance in patients who died and in 
those who survived is shown in Fig 4. Three or more liters 
of positive balance predicted mortality in 17 of the 23 
patients who died. Of the 77 patients who survived, 20 had 
balances of 3 L or more. The 3-L cutoff point to predict 
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mortality was confirmed by a receiver operating charac- 
teristic curve (Fig 5, top). A 4-L cutoff point would have 
been equally good. Fluid balances of 0, 1, or 2 L increased 
the true-positive ratio but also gave increased false-positive 
ratios. Balances of 5, 6, or 7 L decreased the false-positive 
ratio but also decreased the true-positive ratio. The cutoff 
point of 3 L was confirmed by plotting percent mortality 
against different ranges of fluid balances (Fig 5, bottom). 
Again, the 3-L cutoff provided a clear separation between 
nonsurvivors and survivors. 

A 2x2 contingency table for subsequent mortality and 
the 3-L cutoff point and predictive values for the 3-L point 
are shown in Tables 2 and 3. The 3-L value was highly 
significant (P=.0001 by x? analysis) The probability of 
subsequent death in this high-risk group for an individual 
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Fig 5.—Top, Receiver operating character- 
istic curve for 24-hour fluid balance and 
subsequent mortality. Axes are as in Fig 2, 100 
top; 3- and 4-L cutoff points gave good 

sensitivity and specificity. Bottom, Inci- 

dence of death for different ranges of fluid 80 
balance. 
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20 


Fig 6.—Distributions for individual risk fac- 
tors and incidence of mortality. See Fig 3 
for expansion of abbreviations. 


patient with a fluid balance of 3 L or more was 46%; the 
probability of death for an individual with a fluid balance 
of less than 3 L was 9%. 


Association of Other Risk Factors 
and Subsequent Mortality 


Other variables believed to be important for predicting 
survival are indicated in Fig 6. The results for the best 
cutoff points for prediction of mortality, as determined by 
receiver operating characteristic curves, are shown in Table 
2. Age, RTS, ISS, APACHE II, Pao,/Fio, index, and units 
of blood transfused were all significant predictors of mor- 
tality by x? analysis. No single cutoff point for the RTS 
was significant, however, for prediction of mortality. The 
predictive values for the individual cutoff points are shown 
in Table 3. 
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The interaction of all of these variables in relation to 
mortality was analyzed by logistie regression and by a Cox 
proportional hazards model. Both analyses gave similar 
results. Both models demonstrated significant influences 
of fluid balance (P = .003), ISS (P = .02), modified APACHE 
II score (P —.04), and Pao,/Fio, index (P=.001) on mor- 
tality The RTS was also found to be significant for 
predieting mortality when the Cox model was used 
(P —.008). Age was a factor in the logistic regression model 
(P —.02). 

Evaluation of any combination of two risk factors and 
subsequent mortality was performed with the best cutoff 
points for the four variables identified in both the stepwise 
logistic regression model and the Cox model. Of the six 
possible combinations, all were shown to be significant by 
x? analysis for prediction of mortality (data not shown). As 
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was the case with pulmonary failure, the sensitivity, 
specificity, and predictive values for any combination of 
two risk factors did not improve on the results obtained 
from the 3-L cutoff point alone. 


COMMENT 


We found by an analysis of a prospectively determined 
hypothesis that requirements for large amounts of fluid in 
the resuscitation of seriously injured trauma patients, as 
indicated by fluid retention of 3 L or more in the first 24 
hours in the ICU, was strongly associated with later 
development of pulmonary failure and death in high-risk 
trauma patients. This finding is consistent with our initial 
retrospective analysis and is also consistent with other 
studies of retrospectively determined association of fluid 
retention and later morbidity and death." Fluid retention 
was independent of other commonly used predictors such 
as age, RTS, ISS, modified APACHE II scores, blood loss, 
and individual measurements of physiological derangement 
and trauma severity. Indeed, positive fluid balance in all 
eases added to the predictive value of these other scores. 
This correlation in injured patients of fluid requirements 
in the first 24 hours with subsequent pulmonary failure 
and death is consistent with the hypothesis that fluid 
requirements reflect severity of the initial shock and 
trauma and that initial shock and trauma determine, at 
least in part, subsequent morbidity and mortality. 

We used those definitions that have been used and 
published by others’ and we calculated our scores as 
recommended by their originators,‘ with the exception of 
the APACHE II score.®!415 The standard APACHE II score 
fortrauma is based on 126 critically ill patients not operated 
on. It is obtained by assigning weights to age, chronic 
health status, and physiological measurements made in the 
ICU, taking the single most deranged of the values 
obtained in the first 24 hours. We made our calculations in 
the same manner except that we took all of our measure- 
ments at 24 hours instead of selecting the worse values 
from the preceding day. This allowed us to make all of our 
measurements, including fluid balance, at the same time: 
24 hours. It also allowed us to eliminate undue weighting 
from severely abnormal but easily correctable variables 
such as oxygen desaturation in the immediate postopera- 
tive period from operative- and anesthesia-induced atelec- 
tasis. 

The exact fluid balance cutoff point for prediction of 
pulmonary failure and death might depend, in part, on how 
patients are resuscitated. Surgeons with different philos- 
ophies about trauma patient resuscitation might find dif- 
ferent cutoff points to be the most accurate for their 


patients. We resuscitate our patients with balanced salt 
solutions and blood products as needed in the first 24 
hours. We give enough fluid to restore skin perfusion to 
normal, to produce a urine output of approximately 
1 mL:kg-'*-h-!, and to produce a normal pulse rate, blood 
pressure, and mental status (assuming that there is no 
head injury). In unstable patients we insert a Swan-Ganz 
catheter and give enough fluid to generate a moderately 
hyperdynamic state while maintaining fairly low filling 
pressures. Our goal in a young patient with a normal heart 
is a cardiac index of perhaps 4.5 L:min-'^m-? with a wedge 
pressure of 12 mm Hg; in older patients our goal is a 
cardiac index of 3.5 L-min-*m-? with a similar wedge 
pressure. We do not use colloid solutions, other than blood, 
for purposes of vascular repletion in the first 24 hours. We 
only rarely use diuretics and only if we know from Swan- 
Ganz catheter measurements that the cardiac filling pres- 
sures are high. 

Some might argue that our treatment philosophy actu- 
ally eaused the pulmonary failure and death because we 
gave too much fluid to these critically injured patients and 
produced their ARDS and subsequent mortality. We do 
not think so. We knew the wedge pressure measurements 
in many of the patients who later developed pulmonary 
failure. The great majority of these values were within 
normal limits. Only five were greater than 18 mm Hg and 
these pressures did not correlate with later morbidity or 
death. In fact, of the five patients with elevated pressures, 
only one died, for a subsequent mortality rate that was the 
same as that for the patients with initially lower wedge 
pressures. The urine outputs over the first 24 hours 
between the groups were also equivalent, again suggesting 
that our initial fluid resuscitation was appropriate. 

In summary, we found in a trial that evaluated a pro- 
spectively determined hypothesis that a positive fluid 
balance of 3 L or more in the first 24 hours was strongly 
associated with the later development of pulmonary failure 
and death in high-risk trauma patients. This simple variable 
proved independent of other predictors of morbidity and 
mortality such as age, RTS, ISS, APACHE II Scores, 
Pao,Fio, indexes, and blood requirements. This easily 
obtained measurement can be used to anticipate a need for 
invasive cardiovascular monitoring and need for long-term 
ventilatory support. It could also be used for stratifying 
patients into categories of varying risk when designing 
clinical trials. 


This article was sponsored by F. William Blaisdell, MD. We thank Ted 
Barlow for his assistance in reviewing the charts and Neil Willits, PhD, for 
his assistance with the statistical analysis. 
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Discussion 


Franx R. Lewis, Jr, MD, San Francisco: The data presented 
here indicate that the volume of fluid retained during the first 24 
hours in the ICU will reliably predict the patient’s course in 
regard to pulmonary failure and mortality. The thesis underlying 
this observation is that fluid retention is a reflection of the severity 
of the traumatic and systemic insult and these give rise to greater 
interstitial and intracellular edema. Fluid retention, therefore, 
becomes a reflection of the severity of the injury and it is not 
surprising that with more severe injury the incidence of pulmonary 
failure and death is greater. 

What then is the problem with the present work? First, I believe 
that the study is methodologically flawed in significant ways. The 
authors indicate that they studied 201 patients prospectively but 
they excluded 92 patients from the analysis because they did well 
and were extubated at 24 hours. The logic of this is unclear to me. 
If the authors’ thesis is, indeed, correct, these patients should 
have had minimal fluid retention, which would have predicted good 
outeome. That they should be removed from the study because 
they did well seems to bias the study toward more severely injured 
patients and negates the prospective nature of the design. 

Second, the authors do not account for fluid given in the 
prehospital phase of care, the emergency department, the oper- 
ating room, or the recovery room during the first 24 hours. The 
clock is started only when the patient reaches the ICU. This 
introduces uncertainty not only with regard to the actual time 
relative to injury during which the fluid retention is measured 
but, more importantly, fails to control for the volume of fluid 
resuscitation during phases before entry to the ICU. 

Patients who were operated on may have had their fluids 
managed differently than those admitted directly to the ICU 
without an operation. Patients who entered the ICU ina relatively 
hypovolemie state would need more fluid during the next 24 hours 
than other patients who were euvolemic or even hypervolemic as 
a result of differences in early resuscitation. There is no control 
for this. 

Third, the end points of resuscitation are not well defined. Only 
38 of the patients studied had pulmonary wedge pressures mea- 
sured and 36 of these were in patients with pulmonary failure. 

We are not told if central venous pressures were present in the 
patients who did not undergo wedge pressure measurements. 

The endpoint of resuscitation was “brisk urine output and normal 
cardiovascular function,” although actual values were given. 

It is stated that diuretics were almost never used though again 
no data are given. 

Five of the patients with wedge pressure measurements had 
pressures in excess of 18 mm Hg, suggesting fluid overload. 
Perhaps the end points are not sufficiently well defined to meet 
the standards for a prospective study. They appear to more closely 
resemble a retrospective chart review. 

Finally, despite the authors’ extensive statistics they have failed 
to analyze the most potent and accurate predictor of respiratory 
failure and mortality in their study, the insertion of a Swan-Ganz 
catheter. By their analysis, the 3-L retention value gives a 
sensitivity of 52% and a specificity of 89% in the prediction of 
pulmonary failure. Using the authors’ own numbers from Table 1, 
I calculated that the presence or absence of the Swan-Ganz 
catheter provided a sensitivity of 57% and a specificity of 9596, 
and an improvement of 5% to 6% in each value over the indieator 
that was believed to be accurate. Thus, by simply observing 
whether the patient receives a Swan-Ganz catheter or not, the 
authors could have improved their prediction without having to 
add up all those fluid volumes. This would be simpler and quicker 
as well as more accurate. 

C. James Carrico, MD, Seattle: We need to be cautious about 
equating correlation with cause and effect. There is the strongest 
correlation with the insertion of the Swan-Ganz catheter and 
pulmonary failure but none of us would imply cause and effect. 

I do not think the authors have attempted to imply cause and 
effect between the amount of fluid administered and respiratory 
failure. They actually make that point. We are discussing the 
observation that fluid retention in the postoperative period in the 
ICU seems to correlate with respiratory failure and death. 

One explanation may be that the patients received too much 
fluid. Another possibility is that the patients received too little 
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fluid and had high antidiuretic hormone and aldosterone levels 
and were retaining fluid in a physiologic defense mechanism. Fluid 
retention in the post-ICU or postoperative period may be a 
surrogate for degree of injury. I would challenge that. One would 
expect the major fluid retention from injury to occur during that 
first resuscitation and operative period. Is the fluid retention over 
3 L correlated with the ISS? Does it correlate with other measures 
of degree of injury? 

Perhaps this fluid retention is a reflection of renal dysfunction. 
It has been reported that free water clearance is one of the earliest 
signs of modest renal dysfunction. If so, and if this correlates with 
pulmonary dysfunetion and with death, it is possible that the 
authors have identified a very early predictor of multiple organ- 
failure syndrome. That would be a much more valuable contribu- 
tion than another attempt to predict ARDS. 

Even though this fluid retention may not be the predictor of a 
single phenomenon, it has the advantage of having a range, so if 
one chooses to evaluate a therapy or prophylactic maneuver that 
has significant risk, a specific group can be selected in which all 
patients have the same disease or predisposition to that disease. 
You will not risk treating patients who are not going to get ARDS 
or multiple organ failure with the high-risk prophylaxis. However, 
if you are using a low-risk treatment and want a very large 
population, you can lower that index and have a much larger 
treatment group even though it will be diluted by a small number 
of patients who will not develop the disease. 

Davip M. Hermpacu, MD, Seattle: We first noted this phenom- 
enon in our elderly burned patients approximately five years ago 
and reported it at that time. We were able to predict which of 
these patients would survive and which would not based on the 
amount of fluid used for resuscitation. It is probable that the 
acute-phase reactants that become active during the initial injury 
become systemic and overwhelm patients in some proportion to 
the severity of the trauma sustained. | 

The biggest problem with the present study is the difficulty 
that we all have when trying to study fluid balance. The criteria 
we use to determine the adequacy of fluid balance are very vague. 
Terms such as normalized cardiac output and reduced urine 
output are imprecise, and among our burned patients as well as 
our patients in the ICU, these vague symptoms accompany a wide 
range of fluid administration. 

The authors assure us that *early" fluid requirements were not 
important in their study. I suspect that is true because no one 
precisely measures early fluid requirements. The paramedies 
insert intravenous lines in the field and administer fluids as fast 
as possible. The emergency department physicians insert two 
more lines and administer fluids through them as fast as possible, 
and the anesthesiologists administer fluid throughout the opera- 
tion. While early fluid requirements may, in fact, be the most 
predictive of what is going to happen, it is not possible to determine 
exactly what the requirements are in the ordinary clinical setting. 
I suspect, however, that you probably could have taken the 
same group of patients and given them 2 L less fluid or per- 
haps 2 L more fluid and ended up with nearly the same clinical 
criteria. 

STEVEN N. Parks, MD, Fresno, Calif: I disagree that it did not 
make any difference what happened to these patients in the 
emergency department and in the operating room. The patients 
who did the best in the ICU actually had a negative fluid balance 
and there was no respiratory failure in that group. These patients 
probably had a negative fluid balance in the ICU because they had 
a positive balance in the operating room, street, and emergency 
department. What happened before arrival at the ICU was 
important, contrary to what the authors have stated. 

Joun R. BEeNriELD, MD, Los Angeles: Patients undergoing 
postpneumonectomy could be used to study this phenomenon in a 
more controlled fashion. These patients have undergone major 
iatrogenic trauma for a good purpose. It should be possible by 
retrospective and prospective analysis to test the hypothesis that 
these authors have advanced to us today. 

Morton M. WoorLEv, MD, Los Angeles: During the past few 
years, these authors have presented us with the common causative 
events that produce ARDS. I believe that the experimental work 
and clinical experience that they have shared with us lead to the 
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logical therapy that is concordant with accepted physiologic 
principles. : 

In my working environment I am frequently at odds with some 
of the intensive care physicians and other medical confreres. 

For example, a 4-year-old child hit by an automobile had severe 
pulmonary contusion and blood loss from a ruptured liver and 
pelvis and required a remarkable amount of intravenous fluids for 
resuscitation and also required high ventilatory pressures because 
of respiratory distress. When I was asked to see the patient she 
was receiving intravenous fluids, diureties, and vasopressors. I 
suggested that the diuretics and vasopressors were counterpro- 
ductive in this setting, but the other physicians alleged that the 
pulmonary edema could be reduced by judicious use of diuretics. 

If I understand these authors correctly, the amount of fluid 
given to a patient in the first 24 hours in the intensive care unit is 
a predictor of pulmonary insufficiency, but they have not suggested 
a therapeutie modality that might mitigate the pulmonary insuf- 
ficiency. Are diuretics helpful in decreasing pulmonary edema? If 
not, how can I better justify my posture of recommending that 
diuretics and vasopressors should not be used in patients with 
ARDS secondary to traumatic injury? 

Dr Hotcrort: Dr Lewis, the present report includes 381 
patients, with the first 180 patients reviewed retrospectively. This 
retrospective review gave us the hypothesis that fluid balance 
might correlate with subsequent morbidity and mortality. The last 
201 patients served to evaluate the hypothesis prospectively. Of 
the 201 patients, we found that only 100 really posed a prognostic 
problem; the other 101 patients had either already died at the end 
of 24 hours or were extubated and breathing spontaneously. All of 
the patients who were extubated at 24 hours survived and posed 
no prognostic problem. The patients who did pose a prognostic 
problem were those who at the end of 24 hours still required 
mechanical ventilation. By narrowing down the group of patients 
to these 100 we actually made our statistical problems more 
difficult, not less difficult. In fact, when we ran the statistics on 
all of the 201 patients, we obtained P values that were better than 
the values that we are reporting here. 

We looked at the amount of fluid given in the ICU for several 
reasons. The nurses in the ICU are very good at accurately making 
measurements of fluid balance. It is far more difficult to obtain 
accurate measurements in the emergency room or in the operating 
room. These values then are the first accurate measurements that 
we could obtain for this group of patients. We believe that the 
accuracy of the measurements helped in their predictive value. 

We restrictéd the use of Swan-Ganz catheters to those patients 
who seemed to need them based on fluid requirements, pulmonary 
function, and urine output. If a central venous catheter was 
already in place when the patient came into the ICU, we usually 
removed the central venous pressure catheter and replaced it with 
a Swan-Ganz line when the patient was settled down. Five patients 
had isolated wedge pressures greater than 18 mm Hg. These 
patients did not have a substantially higher incidence of pulmonary 
failure or death compared with the other patients. 

Urine outputs are listed in the report. We believe that they 
indicate appropriate resuscitation. 

Dr Carrico brings up a very interesting hypothesis, but one that 
we did not evaluate. We did not look at free-water clearances or 
other more sophisticated indexes of renal function. The fluid 
requirement measurement independently added predictive value 
to other commonly used scores such as the ISS or RTS. The 
independence of the measurement in predicting morbidity and 
death is one of its attractive features. 
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Dr Heimbach, I believe that you were one of the first to make 
the observation that fluid retention correlates with subsequent 
morbidity and mortality. I believe that the end points we used for 
resuscitation are similar to those used by other experienced 
surgeons. I too suspect that if the patients had been given another 
2 L of fluid they would have responded with a comparable increase 
in urine output. Their fluid balances probably would have stayed 
about the same. None of the patients in this study developed renal 
failure; their kidneys, in most cases, should have been responding 
appropriately to our fluid administration. 

Dr Parks, we would be the first to agree that fluid administration 
in the emergency department, the operating room, and perhaps 
in the ambulance is critical to how well these patients do. Whether 
you ean use the relatively inaccurate data obtained from these 
phases of the patient's treatment to predict outcome is another 
question. 

Dr Benfield, patients who require pneumonectomy might be an 
excellent group to study. We do not have enough data at this time 
to comment on this group of patients, however. 

Dr Woolley, we usually only use diuretics if the patient has a 
Swan-Ganz catheter in place. I do not have an easy answer for the 
patient who is so small that a pulmonary catheter cannot be used, 
but I do agree with your statement that diuretics and vasopressors 
can be counterproductive because they can worsen the underlying 
shock state and thereby worsen the resultant pulmonary failure. 

F. WILLIAM BLAISDELL, MD, Sacramento, Calif: I have always 
believed in the importance of adequate volume resuscitation and 
we administer fluids liberally. We also recognize, as Dr Heimbach 
did in burned patients, that when patients require what appears 
to be an excessive amount of fluid to maintain vital signs and 
important cardiovascular values, that patient has a bad prognosis. 

Often details of the adequacy of the patient's management are 
unavailable preoperatively. We have patients transported to Sac- 
ramento from long distances who have been in shock for a long 
time. However, I can tell when a patient has not been managed 
adequately since among other things he or she will have fluid 
requirements exceeding those usually accompanying a given 
injury. 

Certainly the trauma score, as Dr Moore indicated in his 
presentation, has an important prognostic value. Another dimen- 
sion that relates to the degree and duration of shock but that may 
not be possible to document in some cases is fluid requirement. In 
my opinion this is a very simple guide to the status of the patient 
and Dr Holeroft has found that this has considerable prognostic 
value. 

Dr Carrico, we appreciate your comments and I think Dr 
Holeroft dealt with these. Certainly there may be an issue of renal 
dysfunction in these patients, but one of the things that we have 
learned over the years is the importance of the kidney in main- 
taining homeostasis. As we have often pointed out when a patient 
develops renal failure, the prognosis is twice as bad as when a 
patient develops isolated pulmonary failure. In resuscitating 
patients we accept aggravation of pulmonary failure to avoid renal 
failure. 

I appreciate Dr Heimbach's comments, as I indicated earlier. 
One can liken the fluid requirements from blunt trauma to those 
from burns. The advantage of dealing with burns is that you can 
see the extent of injury and it is easy to correlate the degree of 
burn with the third-space fluid requirements. The point of our 
article is that it is possible to do the same thing relative to other 
mechanisms of tissue injury, such as shock, crush, and ischemic 
injury. 
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The Risk of Splenorrhaphy 


Sandra L. Beal, MD, Johnese M. Spisso, RN 


e The main reason for splenorrhaphy is to prevent the 
occurrence of overwhelming postsplenectomy sepsis. This 
fear of postsplenectomy sepsis has led to an enthusiasm for 
splenic salvage to the extent that it may be felt that the injured 
spleen must be saved at all costs. However, if that is valid, the 
complications that result from splenic salvage must not 
exceed the risk incurred by loss of this organ. To assess this, 
119 splenic injuries treated by splenorrhaphy were reviewed. 
These were major splenic injuries that were actively hemor- 
rhaging at laparotomy and, therefore, required specific oper- 
ative intervention for hemostasis. There were 14 complica- 
tions in 11 patients (11.8%) directly attributed to the 
splenorrhaphy. In one patient, the repaired spleen rebled 17 
days postoperatively, necessitating splenectomy. Ten patients 
had persistent or recurrent bleeding, requiring blood transfu- 
sions. Three of these underwent reexploration for additional 
hemostasis. Blood transfusion in association with splenor- 
rhaphy has not previously been considered a complication. 
However, the literature clearly documents that the risk of blood 
transfusion heavily outweighs the risk of postsplenectomy 
sepsis. Therefore, if blood transfusion becomes a necessary 
adjunct for successful splenorrhaphy, then splenectomy with- 
out transfusion is the safer treatment. 

(Arch Surg 1988;123:000-000) 


proe ago, Aristotle concluded that the spleen was 
not essential to life.' In 1911, Kocher? stated, “Inju- 
ries of the spleen demand excision of the gland; no evil 
effects follow its removal while the danger of hemorrhage 
is effectually stopped." This was accepted as doctrine and 
not challenged until 1919 when Morris and Bullock,? in a 
review of the subject, concluded that the human body, 
deprived of its spleen, would show an increased suscepti- 
bility to infection. However, the mortality of clinically 
recognized splenic injuries in the early 1900s was near 
100%. With the introduction of splenectomy in the 1930s, 
mortality decreased to 27%. Thus, splenectomy became 
the gold standard of treatment for splenic injury. In 1952, 
King and Schumacher‘ reported fatal sepsis in children 
following spleen removal. Several reports have since con- 
firmed postsplenectomy sepsis in patients of all ages. As a 
result, in the last two decades the emphasis has been 
toward saving the spleen if at all possible. 

Treatment options now range from splenectomy, to 
hemisplenectomy, splenorrhaphy, and, lastly, nonoperative 
treatment often requiring blood transfusion and intensive 
care unit monitoring. The enthusiasm for splenorrhaphy is 
such that it is the belief of some authors that splenic 
salvage is the treatment of choice in almost all patients 
“regardless of the nature or severity of the splenic injury.” 
However, the complications that result from splenic salvage 
must not exceed the risk incurred by loss of this organ. 
The following issue was evaluated in this study: “How safe 
is splenorrhaphy?” Just because it can be done, should it 
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be done? A critical evaluation of our institutional results 
follows. 


MATERIALS AND METHODS 


A retrospective chart review of 256 consecutive patients sus- 
taining splenic injury treated by splenorrhaphy from July 1980 
through December 1986, a 62-year time period, was done. Injuries 
to the spleen were graded using a modification from Feliciano 
et al* as follows: grade I, capsular tear or superficial parenchymal 
laceration; grade II, capsular avulsion or deep parenchymal 
fracture not involving the hilum, resulting in at least 450 mL of 
hemorrhage and with continued bleeding at the time of laparot- 
omy; grade III, single or multiple severe, transverse or longitu- 
dinal parenchymal fracture or laceration, or through-and-through 
gunshot or stab wound and with continued bleeding at the time of 
laparotomy; and grade IV, parenchymal stellate fracture, splenic 
bisection, or fracture involving the hilum, again with continued 
bleeding. 

Included were all splenic injuries sustained from blunt or 
penetrating trauma. Only those splenic injuries that were defined 
as major grades II, III, and IV and that were actively bleeding at 
surgery, therefore requiring specific treatment to obtain hemosta- 
sis, were included. These were selectively chosen because the 
ongoing hemorrhage required a decision eitherto repair or remove 
the spleen. Of these 256 patients, 119 splenic injuries fulfilled the 
above criteria and were included in this study; 137 were excluded 
because they were grade I injuries or grades II through IV 
injuries that were not actively bleeding and, thus, did not neces- 
sarily require specific treatment, or were iatrogenic injuries. The 
indications for operation were shock, a tender abdomen, positive 
peritoneal lavage, or a falling hematocrit. No patient with sus- 
pected intra-abdominal hemorrhage was observed. Midline inci- 
sions were employed. Splenorrhaphy was performed in one of the 
following fashions. A hemostatic agent (usually microfibrillar 
collagen hemostat [Avitene] or oxidized cellulose [Surgicel]) was 
applied to the area of injury, with laparotomy packs placed for 
tamponade around the spleen. These were left in place for a 
minimum of five minutes. After removal of the packs, the spleen 
was observed for another five minutes to be certain hemostasis 
had been accomplished. The hemostatic agent was left in place. 

Suture repair was done using 2-0 polyglactin 910 (Vicryl) or 
polypropylene (Prolene) placed in either an interrupted horizontal 
mattress or figure-of-eight fashion. Felt pledgets and, more 
recently, polyglactin 910 mesh strips were used as buttresses to 
facilitate tying the sutures down firmly. 

Hemisplenectomy was performed using a finger fracture tech- 
nique similar to liver resection. The capsule was scored with 
cautery. The resection was done along the previous fracture site 
or obvious area of dusky demarcation. As vessels were encoun- 
tered, they were suture ligated. At the completion, if there was a 
continued ooze from the raw splenic surface, interrupted horizon- 
tal mattress sutures were placed, again using buttresses. 

Ligation of the splenic artery was also used as a splenorrhaphy 
technique. The techniques of spleen repair have been detailed 
elsewhere.’ 

A splenorrhaphy complication was defined as persistent or 
recurrent hemorrhage, resulting in a blood transfusion and/or 
reoperation with or without a subsequent splenectomy. 


RESULTS 
Findings 


The 119 patients who met the previously described 
criteria ranged in age from 1 to 55 years, with the majority 
in the second and third decades. There were 13 pediatric 
patients, defined as 15 years of age or under. Ninety pa- 
tients (76%) were male, and 29 patients (24%) were female. 
The mechanism of injury was blunt in 83 patients (70%) 
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Grade of Splenic Injuryt 
Mechanism of Pare reri, 


Injury T Tm IV 






Blunt 
MVA 


MCA 
PED 
Assault 
Fall 


Subtotal, 
83 (70%) 
Penetrating 
GSW 
Stab wound 
Subtotal, 
36 (30%) 
Total, 119 (100%) 47 (39.5%) 43 (36.1%) 29 (24.4%) 
*Number and percent of patients are given. MVA indicates motor vehicle 
accident; MCA, motorcycle accident; PED, pedestrian hit by a car; and 
GSW, gunshot wound. 


tGrade ll, deep fracture; grade III, severe fracture or through-and-through 
injury; and grade IV, stellate fracture/hilar injury. 
































and penetrating in 36 (30%). In the penetrating group, 33 
patients (92%) were male. Grade II (deep fracture) injuries 
occurred in 47 (39.5%), grade III (severe fracture/through- 
through injury) in 43 (46.1%), and grade IV (stellate 
fracture/hilar injury) in 29 (24.4%) of patients (Table 1). 

Shock, defined by blood pressure of less than 90 mm Hg 
in the emergency room, was present in 34 patients (28.6%). 
Twenty-three injuries were blunt, and there were 11 pen- 
etrating injuries. These included 15 (44%) grade II, eight 
(23.6%) grade III, and 11 (32.4%) grade IV injuries. 

The Injury Severity Score ranged from 5 to 43, with a 
median of 17. The median Injury Severity Score for grade 
II splenic injury was 17, for grade III was 16, and for 
grade IV was 17. The most common associated injury in 
the blunt injury group were rib fractures occurring in 47 
(57%) of patients. 


Treatment 


Fifty-five spleens (46.2%) were packed with a hemostatic 
agent and laparotomy pads, and 55 spleens (46.2%) were 
suture repaired. There were six hemisplenectomies (5%) 
and two splenic artery ligations (1.8%) in addition to suture 
repair and one (0.8%) polyglactin 910 mesh wrap (Table 2). 


Complications 


There were 63 complications in 48 patients (40%). The 
most common complications were infectious. These are 
tabulated in Table 3. 

There were 14 complications (11.8%) in 11 patients that 
were directly attributed to the splenorrhaphy. One spleen 
ruptured 17 days after injury and required removal. The 
other ten patients had persistent or recurrent bleeding, 
requiring blood transfusions, and three of these patients 
underwent reexploration because of the hemorrhage. 
These were considered splenorrhaphy complications be- 
cause either the spleen was the only injury that could have 
resulted in the continued postoperative hemorrhage or the 
record indicated that the surgeon attributed the bleeding 
to a persistently bleeding spleen. No grade or repair type 
had a higher incidence of failure. All complications occurred 
in adults (Table 4). 

In an additional 38 patients, the splenic injury was the 
only injury that could result in significant blood loss. 
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Table 1.—Mechanism vs Grade of Injury* 


c Eo- Total 
Packed 32 13 (960 4 3 (16.3) 3 0 (10) 55 (462) 
Sutured 2 0 (4.0) 24 11 (81.4) 12 6 (62) 55 (46.2) 


Sutured and 
splenic artery 
ligation 0 

Hemisplen- 
ectomy 


Mesh wrap 


B P B P 


2 0 (7) 2 (1.8) 


0 0 1 0 (3.5) 
0 0 0 0 


*B indicates blunt injury; P, penetrating injury. 
tSee Table 1 for explanation of injury grades. 


Table 3.—Complications (48 Patients) 


Complication No. of Patients 


Pneumonia 9 
Sepsis 
Urinary tract infection 
Wound infection 
Empyema 
Sinusitis 
Meningitis 
Hepatitis 
Wound dehiscence 
Colon anastomosis leak 
Lobar collapse 
Pleural effusion 
Pleural peel 
Adult respiratory distress syndrome 
Pneumothorax 
Small-bowel obstruction 
Phlebitis 
Death 
(head injury, 5; sepsis, 2) 
Splenorrhaphy 


3 2 (18) 
1 0 (3) 


6 (5.0) 
1 (0.8) 
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Twenty-one (55.3%) of these 38 patients received blood 
transfusions. The blood was administered intraoperatively 
and/or postoperatively The discharge hematocrit in those 
patients ranged from 0.25 to 0.37, with a median of 0.32. 
The need for transfusion, retrospectively, often was not 
apparent. Table 5 reviews a representative sample of these 
patients. The remaining 17 of those 38 patients who did 
not receive blood had discharge hematocrits ranging from 
0.17 to 0.20. 


COMMENT 


An 11.8% incidence of complications attributed to hem- 
orrhage and transfusion following splenorrhaphy appears 
to be quite high. To our knowledge, there are only three 
other studies that described splenorrhaphy-related eom- 
plications in a total of five patients. Moore et al* reported 
rebleeding in three of 200 patients, Oakes and Charters® 
reported one recurrent hemorrhage in one of 20 patients 
following splenorrhaphy, and Shah et al? reported a splenic 
abscess after splenorrhaphy. Other series, to date, imply 
that postoperative complications do not occur from the 
splenic repair and that bleeding, when it occurs, inevitably 
relates to associated injuries. All give the impression that 
splenorrhaphy is exceedingly safe. 

It is possible that the extraordinarily low incidence of 
reported complications is due to underreporting and/or the 
definition of a splenorrhaphy-related complication. In Fe- 
liciano and colleagues’ series of 85 splenorrhaphies, one 
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Table 4. — Splenorrhaphy Failure* 















Mechanism Type of 
Gradet Patient of Injury Shock ISS Repair Complication 
II 1 MVA Yes 29 Packed Continued hemorrhage, transfused 6 U of blood 
2 MVA No 8 Packed 17 days postoperatively: ruptured spleen, splenectomy 
3 MCA No 33 Packed 7th day postoperatively: hemorrhage, required blood transfusions 
4 MVA No 30 Packed Continued hemorrhage, required blood transfusions 
I 5 SW No 19 Sutured Continued hemorrhage, required blood transfusions 
6 SW No 26 Sutured 3rd day postoperatively: hemorrhage, required blood transfusion 
7 Fall Yes 5 Sutured Continued hemorrhage, required blood transfusions 
8 MVA No 17 Sutured Continued hemorrhage, blood transfusions, reoperation 
IV 9 MVA Yes 14 Hemisplen- Continued hemorrhage, blood transfusions 
ectomy 
10 MCA No 14 Sutured Continued hemorrhage, blood transfusions, reoperation 
11 MVA Yes 27 Suture and Continued hemorrhage, blood transfusions, reoperation 
splenic 
artery 
ligation 


*ISS indicates injury severity score; MVA, motor vehicle accident; MCA, motorcycle accident; and SW, stab wound. 


+See Table 1 for explanation of injury grades. 


Table 5.—Blood Transfusions vs Hematocrits* 


OR Blood 
Transfusion, 
U 


Admission 
Hematocrit 
0.34 
0.37 
0.36 
0.40 
0.34 
0.39 
0.42 
0.30 
0.36 


*OR indicates operating room. 


patient required reoperation for suspected bleeding, and a 
second patient required splenectomy after "successful" 
splenorrhaphy when a shotgun pellet eroded into the 
splenic artery These were not listed as complications. 
Lawrence, when discussing another one of the series of 33 
splenorrhaphies, commented on two cases within six 
months at his institution that required splenectomy after 
failed splenorrhaphy.'^ 

Blood transfusion, administered because a repaired 
spleen continues to hemorrhage postoperatively, has not 
previously been considered a complication. Ten of our 14 
complications related to the need for blood transfusion. 
Thus, if splenectomy had been done rather than splenor- 
rhaphy, the transfusions should not have been necessary. 

The main reason for splenorrhaphy is to prevent the 
occurrence of overwhelming postsplenectomy sepsis; yet, 
the actual incidence of postsplenectomy sepsis is unknown. 
From a comprehensive review of the splenectomy literature 
inclusive of 3099 publications, Luna and Dellinger," utiliz- 
ing a conditional probability model, entered all reported 
cases of postsplenectomy septic deaths and calculated the 
incidence of septic death to be 0.026% in adults and 0.052% 
in children. It appears that previous estimates of a 1% to 
2% incidence of postsplenectomy sepsis is a tenfold to 20- 
fold overestimation of the actual occurrence and that the 
actual incidence is extremely low. 

On the other hand, hepatitis from a blood transfusion 
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Ward Blood 


Ward Transfusion, Discharge 
U 


Hematocrit Hematocrit 
0.27 0.30 
0.22 0.33 
0.23 0.33 
0.38 ^ 0.32 
0.36 ; 0.37 
0.25 0.25 
0.34 mie 0.27 
0.29 0.33 
0.32 


carries a substantially higher mortality. Hepatitis occurs 
in 4% to 18% of recipients of hepatitis B surface antigen- 
negative blood received from volunteer donors.:** These 
reports provide the basis for the widely quoted statement 
that 596 to 1096 of recipients of blood from volunteer donors 
contract hepatitis. The most recent and largest study 
evaluated 1513 persons in four different centers who had 
received blood from 5564 donors.” Non-A, non-B hepatitis, 
defined by a pattern of abnormal alanine aminotransferase 
levels after transfusion, was found in 156 recipients (10%). 
Hepatitis B was found in 15 recipients (1%). In this study, 
as in most others, the diagnosis of hepatitis was based on 
the findings of biochemical abnormalities, ie, alanine ami- 
notransferase levels two to 2¥2 times the upper limit of 
normal. Thus, the actual biochemical incidence of hepatitis 
is high when compared with the clinical experience of the 
average physician. The majority of posttransfusion hepa- 
titis cases are subclinical. 

Non-A, non-B hepatitis virus is the causative agent in 
87% of cases of posttransfusion hepatitis." Clinical acute 
fulminant hepatitis develops in 1% to 3% of posttransfusion 
cases, with a mortality of 9096.:9? Consistent with this, 
one patient in this series did develop clinical acute hepatitis 
during his hospitalization. Non-A, non-B hepatitis has a 
strong propensity to become chronic, occurring in 54% of 
cases.” The complications of chronic hepatitis, ie, cirrhosis, 
occur years after the blood transfusion. This posttransfu- 
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sion chronic hepatitis has a subsequent mortality rate 
between 5% and 10%." Posttransfusion hepatitis is an 
extremely serious disease. The seriousness of this hepatitis 
is not recognized by the clinician administering the blood 
because of the long delay in the manifestation of these 
sequelae. 

The Transfusion Transmitted Virus Study found an 
overall hepatitis rate of 6.4% for recipients of volunteer 
blood. The per unit risk identified in that study was 6.9% 
for 1 U, 10.3% for 2 to 3 U, and 12% for 6 to 15 U of blood." 
This is an estimated 3% risk of posttransfusion hepatitis 
per single unit of blood received. Luna and Dellinger” 
calculated the total (acute and delayed) mortality rate from 
posttransfusion hepatitis after a 1-U transfusion to be 
0.14%, for 2 U of blood to be 0.28%, and for 4 U of blood 
to be 0.51%. 

In this series, 31 patients received from one to six blood 
transfusions as a direct result of a splenic injury. All of 
these patients were adults. Applying Luna and Dellinger's: 
conditional probability model, if all 31 patients had under- 
gone splenectomy and had not received blood transfusions, 
then 0.0081 would be expected to die of postsplenectomy 
sepsis. On the other hand, using an average transfusion of 
2 U per patient, the calculated incidence of expected death 
from posttransfusion hepatitis in these 31 patients is 0.087. 
To make these numbers more meaningful, the 31 patients 
were multiplied by a factor of 1000. Therefore, looking at 
31000 patients, 87 patients would be expected to die of the 
complications of posttransfusion hepatitis, and eight pa- 
tients would be expected to die of postsplenectomy sepsis. 
Thus, it is easily established that the risk of blood trans- 
fusion heavily outweighs the risk of postsplenectomy sep- 
sis. If blood transfusion is a necessary adjunct for success- 
ful splenorrhaphy, then splenectomy without transfusion 
is the safer treatment. We therefore consider blood trans- 
fusion to be a complication of a failed splenorrhaphy. 

There were 38 patients (not including those ten patients 
who have already been described with complications) in 
this series in whom the splenic injury was the only injury 
that could account for significant blood loss. Analysis of 
those 38 patients in whom the splenic injury was the only 
injury resulting in blood loss revealed that 21 patients 
(55.3%) were given blood. The blood was administered 
intraoperatively or later on the ward. Retrospective review 
of the admission through discharge hematocrits did not 
support the need for transfusion in many of these cases. 
Blood was administered in the operating room because of 
hemoperitoneum or on the ward solely because of a low 
hematocrit. Those patients were not considered to have 
complieations because there was no evidence of ongoing 
hemorrhage, suggesting a persistently bleeding spleen. 
The number of blood transfusions were reported in two 
other splenorrhaphy series. The average amount of blood 
transfused during celiotomy in the first series was 3.5 U 
of packed red blood cells per patient? and in a second 
series, 87.596 of patients who had splenorrhaphy received 
an average of 6 U of blood.» Blood transfusion in addition 
to splenorrhaphy may be a common practice. 

Major splenic injuries do result in substantial blood loss. 
Those 17 of the 38 patients (described above) who did not 
undergo transfusion had discharge hematocrits ranging 
from 0.17 to 0.20. Those 21 patients who received blood 
had discharge hematocrits ranging from 0.25 to 0.37. If 
splenorrhaphy is to be the treatment of choice, then the 
surgeon must be absolutely confident of the repair. A low 
hematocrit is to be anticipated and accepted since the 
patient's condition is basically stable. Blood transfusion 
should only rarely, and then judiciously, be considered. 

We have established the following guidelines for splenic 
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injuries. The spleen is gently but completely mobilized into 
the operative field to allow adequate visualization of the 
entire organ. The extent and severity of injury are aecu- 
rately determined. The spleen is not salvaged in the 
multiple-organ-injured patient when the time to perform 
the repair adds to an already lengthy operation or where 
associated injuries, such as pelvic or femur fracture, can 
result in ongoing blood loss. With such associated injuries, 
it is difficult to determine postoperatively whether the 
falling hematocrit is due to a persistently hemorrhaging 
spleen or other injury. In the presence of hypovolemic 
shock or hilar injury, splenectomy is done promptly to 
control the hemorrhage. If these conditions are not pres- 
ent, clots are removed from the injured spleen, actively 
bleeding vessels are directly ligated, and devitalized tissue 
is débrided. Any of seven basic described methods of 
salvage can be employed. Splenorrhaphy is not complete 
until hemostasis has been achieved. A “little ooze” at the 
end of the case is unacceptable. If the spleen continues to 
ooze slowly after the repair, hemostasis has not been 
achieved, and the repair is considered to be unsuccessful. 
The spleen is removed. 


CONCLUSION 


The risks of splenorrhaphy are subsequent rupture or 
continued hemorrhage, resulting in blood transfusion and/ 
or reoperation. Splenorrhaphy should be utilized only in a 
patient in hemodynamically stable condition with a splenic 
injury that can be easily repaired and that results in 
complete hemostasis. If blood transfusion is a necessary 
adjunct for successful splenorrhaphy, then splenectomy is 
the safer treatment. Major splenic injury does result in 
substantial blood loss, with the hematocrit often equili- 
brating in the low 0.20 range. A low hematocrit should be 
anticipated. Blood transfusion should only rarely, and then 
judiciously, be considered. 


References 


1. Ballinger WF II, Ersllev AJ: Splenectomy for hematologic disorders. 
Curr Probl Surg, February 1965, pp 1-51. 

2. Kocher ET, quoted by Sherman R: Prospective in management of 
trauma to the spleen: Presidential address to the American Association for 
the Surgery of Trauma. J Trauma 1980;20:1-13. 

3. Morris DH, Bullock SD: The importance of the spleen in resistance to 
infection. Ann Surg 1919;70:513-521. 

4. King H, Schumacher HB Jr: Splenic studies number 1 susceptibility 
to infection after splenectomy is performed in infancy. Ann Surg 
1952;136:239-242. 

9. Oakes DD, Charters AC: Changing concepts in the management of 
splenic trauma. Surg Gynecol Obstet 1981;153:181-185. 

6. Feliciano DV, Bitondo CG, Mattox KL, et al: A four year experience 
with splenectomy versus splenorrhaphy. Ann Surg 1985;201:568-575. 

7. O'Connor GS, Gellhoed GW: Splenic trauma and salvage. Am Surg 
1986;52:456-462. 

8. Moore FA, Moore EE, Moore GE, et al: Risk of splenic salvage after 
trauma: Analysis of 200 adults. Am J Surg 1984;148:800-805. 

9. Shah HR, Cue JI, Boyd CM, et al: Solitary splenic abscess: A new 
complication of splenic salvage treated by percutaneous drainage. J Trauma 
1987;27:337-338. 

10. Giulano AE, Lim RC: Is splenic salvage safe in the traumatized 
patient? Arch Surg 1981;116:651-656. 

11. Luna GK, Dellinger EP: Non-operative observation therapy for 
splenic injuries: A safe therapeutic operation? Am J Surg 1987;153:462- 
468 


12. Senior JR, Sutnick AI, Goeser E, et al: Reduction of post-transfusion 
hepatitis by exclusion of Australia antigen from donor blood in an urban 
public hospital. Am J Med Sci 1974;267:171-177. 

13. Goldfield M, Black HC, BillJ, et al: The consequences of administering 
blood pretested for HB, Ag by third generation techniques: A progress 
report. Am J Med Sci 1975;270:335-342. 

14. Knodell RG, Conrad ME, Dienstag JL, et al: Etiological spectrum of 
post-transfusion hepatitis. Gastroenterology 1975;69:1278-1285. 

15. Seeff LB, Wright EC, Zimmerman HJ, et al: Post-transfusion hepa- 
titis, 1973-1975: A Veterans Administration cooperative study, in Vyas GN, 
Cohen SN, Schmid R (eds): Viral Hepatitis. Philadelphia, Franklin Institute 
Press, 1978, pp 371-381. 

16. Alter HJ, Purcell RH, Holland PV, et al: Donor transaminase and 


Splenorrhaphy—Beal & Spisso 1161 


recipient hepatitis: Impact on blood transfusion services. JAMA 
1981;246:630-634. 

17. Aach RD, Szmuness W, Mosley JW, et al: Serum alanine aminotrans- 
ferase of donors in relation to the risk of non-A non-B hepatitis in recipients: 
The Transfusion-Transmitted Virus Study. N Engl J Med 1981;304:989-994. 

18. Alter HJ, Purcell RH, Feinstone SM, et al: Non-A/non-B hepatitis: 
A review and interim report of an ongoing prospective study, in Vyas GN, 
Cohen SN, Schmid R (eds): Viral Hepatitis. Philadelphia, Franklin Institute 
Press, 1978, pp 359-369. 

19. Dienstag JL: Non-A, non-B hepatitis: I. Recognition, epidemiology, 
and clinical features. Gastroenterology 1983;85:439-462. 


i 


20. Fagan EA, Williams R: Non-A, non-B hepatitis. Semin Liver Dis 
1984;4:314-335. 

21. Schiff ER, Jeffers LJ, de Medina M: Diagnosis and natural history 
and management of non-A, non-B chronic hepatitis, in Cohen S, Soloway 
RD (eds): Chronic Active Liver Disease. New York, Churchill Livingstone 
Inc, 1983, pp 207-216. 

22. Flancbaum L, Dauterive A, Cox EF: Splenic conservation after 
multiple trauma in adults. Surg Gynecol Obstet 1986;162:469-473. 

23. Mucha P, Daly R, Farnell M: Selective management of blunt splenic 
trauma. J Trauma 1986;26:970-979. 


Discussion 


C. James Carrico, MD, Seattle: In few areas of medicine has 
the infamous pendulum swung as widely as it has in the manage- 
men: of patients with spleen injuries. When I was a resident, if 
there was an injury of the spleen, it needed to come out. We then 
progressed to an era in the late 1970s and early 1980s when 
nonoperative management was pushed to the point that reports 
of patients (children in particular) receiving two times their blood 
volume in preference to operation for splenectomy were accepted 
and praised. That became extreme, and we are now in an era 
where, at least in some institutions, one feels accused of inappro- 
priate practice if a splenectomy is done. 

The authors have demonstrated a measurable failure rate after 
splenorrhaphy and shown that the risk of transfusion can offset 
any benefit gained from splenorrhaphy by preservation of splenic 
function. One could say this failure rate is higher than in our 
institution, and one could say that the data of Luna and Dellinger" 
underrepresent the risk of overwhelming sepsis. 

We should not get tangled up in those kinds of arguments 
because the message of this study is clear and valid, in particular 
regarding two statements. 

The first statement does not exclude splenorrhaphy but says 
that if splenorrhaphy is going to lead to significant increases in 
blood transfusion, it is not the optimal choice for the patient. The 
second statement is that splenorrhaphy is not complete until 
hemostasis has been achieved. 

The authors have suggested four guidelines for splenorrhaphy. 
First, splenorrhaphy should not be attempted in patients with 
multiple-organ injury in whom time is of essence. The risk 
outweighs the benefits. Second, splenorrhaphy should not be 
carried out in patients who have had significant hemorrhagic 
shock, particularly if there are other intra-abdominal injuries that 
are going to have to be addressed. Third, mobilization of the 
spleen is crucial. Fourth, splenorrhaphy is not complete until 
hemostasis is complete, and a little ooze is not acceptable. 

There are two or three points that need to be made so that we 
do not overinterpret this report. First, this is a report of compli- 
cations of splenorrhaphy in adults. There were only 13 children, 
defined as patients 15 years of age and under, in this series. There 
were no failures of splenorrhaphy in children. The child's spleen 
is easier to mobilize and to repair, and it is probably more important 
to repair. Second, four of the patients in the rebleeding group had 
packing as their only method of hemostasis. In that group of 
patients, the rebleeding rate should be zero. Third, one of the 
patients had splenic artery ligation. I am unaware of strong 
evidence that splenic artery ligation is a reasonable way to 
preserve splenic function. The goal is to preserve splenic function, 
not just the spleen anatomy. 

With these qualifications, we can accept the authors’ conclusion 
that if splenorrhaphy is likely to lead to additional transfusion 
requirements, its advantage is lost. We now realize that postsple- 
nectomy sepsis is real and that routine splenectomy is not 
reasonable. I hope we also realize that nonoperative management, 
while it has a role, has been pushed too far. If it results in increased 
transfusions, it is inappropriate. We realize that splenorrhaphy is 
not a panacea, and we are coming to a rational approach that tries 
to preserve splenic function but not at the addition of other risks. 

I have four questions: (1) How might one reduce the incidence 
of rebleeding after splenic repair? (2) What about mobilization of 
the spleen and those patients in whom packing was the only 
treatment? (3) Do the authors have evidence that splenic artery 
ligation is beneficial in preserving the bacteriologic functions of 
the spleen? (4) What about the bleeding in patients who had 
splenectomy in this study? 

The assumption is that if one had done a splenectomy, there 
would not have been further transfusion requirements. We need 
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data on this point. 

A. Brent Eastman, MD, San Diego: This study was superb in 
pointing out the risk-benefit ratio of blood transfusion and appro- 
priately pointing out that blood transfusion is perhaps one of the 
most dangerous therapeutic modalities that we have. 

I have several questions: (1) Were the transfusions really 
necessary? Most of the patients underwent transfusion postoper- 
atively. We would have accepted those lower hematocrits. (2) Did 
this represent ongoing bleeding or simply equilibration from the 
blood loss at the time of surgery? (3) Could these transfusions 
have been avoided by the use of an intraoperative cell saver? (4) 
There was an equal distribution of complications despite the injury 
grade and the type of repair; what were the reasons for this? 

Finally, I have a question about age because all transfusions in 
this group were in adults. None of the children required transfu- 
sions. If you couple this with the fact that postsplenectomy sepsis 
is significantly higher in children, perhaps one of the messages is 
that, in children, we are safer and should be more inclined to do 
the salvage procedure. 

Morton M. WooLLEvy, MD, Los Angeles: Two years ago, 
President F. William Blaisdell informed me that the pediatric 
surgical community was recommending that patients with splenic 
injury should never be operated on and alluded to an experience 
where a patient had received 15 U of blood for splenic injury and 
was not operated on because this was the advice of "pediatric 
surgeons." 

I informed him that this was not my opinion of proper care of 
pediatric patients with splenic injury. Subsequently, I reviewed 
our experience with ruptured spleens at the Childrens Hospital 
of Los Angeles for the past 20 years. Before 1975, all of the 
patients with recognized splenic injury underwent splenectomy. 
From 1975 to 1985, approximately two thirds of the patients with 
splenic injury were not operated on. Approximately half of those 
patients who were operated on had splenectomy, and the other 
half had splenorrhaphy. 

It is safer to perform a splenectomy than a lengthy splenorrha- 
phy that requires multiple blood tranfusions, but the authors have 
not convinced me that the additional blood transfusions in their 
patients were specifically due to splenorrhaphy. 

It is true that overwhelming postsplenectomy infection is the 
major reason for salvage of viable splenic tissue. In addition, one 
should add the perennial worry of parents and children who have 
to be informed that they are at risk of overwhelming infection and 
must receive long-term antibiotic therapy. 

We must use good judgment in attempting to save as many 
spleens as possible, but not when it requires the undue risk of 
increased mortality due to hepatitis from blood transfusions. 

KEVIN LuRIE, MD, Southfield, Mich: This study is long overdue. 
Splenorrhaphy is not without its complications. 

At Sinai Hospital in Detroit, we tend to do splenectomy rather 
than splenorrhaphy in most patients who have actively bleeding 
spleens. Recently, we have encountered a clinical problem: adult 
trauma victims who have stable vital signs and stable hemoglobin 
levels after volume resuscitation but whose computed tomographic 
scans show intracapsular hematomas or some blood in the pelvis. 

How do the authors manage this type of patient? Would they 
change those plans 24 hours later if the patient’s condition was 
stable? Do they have any long-range follow-up data on their 
patients for sepsis, hepatitis, or bowel obstruction? 

STEPHEN MicuEL, MD, Los Angeles: None of us would be 
opposed to avoiding overwhelming postsplenectomy sepsis or the 
morbidity of transfusion therapy no matter how well indicated. 
Choosing of patients for splenorrhaphy or partial splenectomy 
should be a highly selective process. 

How many splenectomies were performed at the authors insti- 


Splenorrhaphy—Beal & Spisso 


t 


tution in the 6/2 years during which 250 splenic salvage operations 
were undertaken? | 

This study indicated that some of the patients were excluded 
because they were not bleeding at laparotomy. These included 
some grade III and even grade IV injuries that would be interest- 
ing to contemplate. 

There is a zero time shift bias inherent in the study since the 
authors were not always able to discern the reason for the blood 
transfusion of how much of that which was given preceded the 
control of the splenic injury. Therefore, they overstated their use 
of blood transfusion therapy and did not minimize this bias. 

Of ten patients in their experience who rebled after splenic 
salvage, only three were taken back to the operating room. Thus, 
1096 of their patients with postsplenic salvage were observed on a 
clinical basis rather than being promptly taken to the operating 
room, perhaps to eliminate the need for further transfusion 
therapy. 

Likewise, of the 38 patients identified in whom splenic injury 
was the sole injury, 5596 of them underwent transfusion, but we 
are not sure at what point in their course. 

Of those patients who required transfusions after the splenic 
salvage, I am distressed to note that four of the patients with 
grade II injuries who continued to bleed were all victims of blunt 
trauma and all were treated by packing. Is packing to be less 
liberally utilized and other techniques of splenic repair under- 
taken? 

Six of the seven failures in grade II and IV cases were reported 
to have continued to bleed from the moment that the splenic 
salvage procedure was completed, suggesting that there was an 
intraoperative technical consideration of concern rather than some 
hematologic or metabolic problem. 

Although the incidence of overwhelming postsplenectomy infec- 
tion is small, it is still real and, especially in the younger patients, 
cannot be ignored. The pediatric age group is the most important 
in this regard. 

There are other reasons for preserving the spleen if it can be 
done safely since the spleen is the single largest aggregate of 
reticuloendothelial cells in the human body, and new functions of 
the spleen and its role in immunologic function are continuing to 
be identified. 

I disagree with the high risk of transfusion in these patients. 
This may be a variation between institutions, but at Cedars-Sinai 
Medical Center, Los Angeles, the great majority of patients have 
not required transfusion for splenorrhaphy or partial splenectomy 
once that procedure was completed. Transfusion therapy was only 
required for management of the original injury. 

Thirty percent of the authors' patients were victims of pene- 
trating trauma, and half of those were gunshot victims. How 
helpful is splenic salvage in gunshot wounds of this solid paren- 
chymatous organ? 

In addition, gunshot victims have a higher frequency of associ- 
ated organ injuries when the spleen itself is injured, and splenor- 
rhapy is not generally advised in such a setting. 

At Cedars-Sinai Medical Center, although our experience is not 
nearly as large as that reported by the authors, in 20 consecutive 
splenorrhaphies and 18 partial splenectomies, we have not found 
it necessary in any case to return the patient to the operating 
room because of bleeding after splenorrhaphy. 

In an additional 26 patients treated nonoperatively for proved 
splenic injury, operation for suspected bleeding was necessary 
only twice. In both of these instances, an organizing hematoma 
was found at surgery. In retrospect, perhaps these patients did 
not require exploration since they remained in hemodynamically 
stable condition and blood product use was not great. 

I do not believe that splenic salvage should be discredited on 
the basis of blood transfusion requirements since this should only 
be a rare adjunct to splenic preservation techniques. 

With high selectivity and critical clinical judgment, the rate of 
return to the operating room for postoperative bleeding should be 
quite low. 

Much progress has been achieved in splenic preservation, which 
is a valuable advance, particularly in young individuals, and we 
continue to support the clinical benefits of splenorrhaphy and 
partial splenectomy. 

I would like to pose two questions: (1) What is the percentage 
of splenic injuries at the authors’ facility that are treated by 
splenic salvage (either splenorrhaphy or partial splenectomy)? (2) 
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As a more suitable control, what are the transfusion requirements — 


in those patients who require splenectomy for treatment of their 
"Af eaa 

CHARLES F. Frey, MD, Sacramento, Calif: Dr Carrico, in the 
11 patients in whom there was rebleeding that required transfu- 
sion, a number were treated by packing. My colleagues and I do 
not advocate this strategy. We feel that if there is sufficient 
bleeding, sutures are required, and for this the spleen should be 
mobilized and examined. 

In the three patients who were returned to the operating room 
because of rebleeding, we deduced that perhaps the spleen was 
not mobilized at the initial operation. Review of the operative 
records of the second operation recorded additional injuries of the 
spleen other than those described at the initial operation. Perhaps 
the spleen had not been mobilized, or they would have been 
detected. At operation, it is important to mobilize the spleen 
completely We do not advocate packing as a definitive treatment 
for splenic injury. 

We do not recommend splenic artery ligation. Splenectomy 
provides better hemostasis, and the data indicate that ligation of 
the splenic artery and the resulting injury to the spleen leave it 
immunologically incompetent. Therefore, splenic artery ligation 
is the equivalent of splenectomy and provides no useful immuno- 
logic protection. 

Regarding the rates of rebleeding after splenectomy vs those 
after splenorrhaphy, we do not have specific data. About half of 
our patients undergo splenectomy, and about half undergo sple- 
norrhaphy. We are not aware of any reoperations after splenectomy 
so I believe that figure is very low. 

Dr Eastman, we do not believe all the transfusions provided 
were necessary, specifically in that group of patients who had no 
associated injuries. These were individuals who did not have 
associated pelvic fractures or femur fractures. If in stable condi- 
tion, they do not need transfusion. If there was a fall in the 
hematocrit after operation in patients with associated injuries, 
one would have to assume that there might be bleeding from 
sources other than the spleen and transfuse. But in some of those 
patients in whom there were no other major associated injuries, 
we feel that transfusion might have been avoided. 

We are referring not to intraoperative hemorrhage but to 
postoperative hemorrhage when the cell saver is really not 
available. We do use the cell saver intraoperatively on all occasions 
when it is possible to do so. 

Dr Lurie, in the patient in stable condition in whom a splenic 
injury is identified, we operate on those patients in whom there 
is a recognizable injury and do what is appropriate at the time of 
the procedure. 

As to long-range complications of blood transfusions, eg, non- 
A, non-B hepatitis, we did have one patient who developed 
fulminant hepatitis. This is the expected incidence, knowing that 
196 of transfused patients receiving a single unit of blood develop 
hepatitis, 9096 of which is non-A, non-B. One percent of patients 
who develop hepatitis from non-A, non-B hepatitis do develop 
fulminant hepatitis. 

There are data regarding the number of transfusions required 
at splenorrhaphy. Reports indicate an average of 3.5 to 6 U of 
blood may be required. Peter Mucha, Jr, MD, from the Mayo 
Clinie, Rochester, Minn, reported using an average of 6 U of blood 
during splenorrhaphy. It is clear that there is significant blood 
loss associated with splenorrhaphy How that figure compares 
with the number of units after splenectomy is not clear. We are 
really coniparing apples with oranges. Those patients who undergo 
splenectomy not only had major injuries to the spleen, but many 
had major associated injuries, so that they are really not compa- 
rable with the splenorrhaphy group; therefore, the number of 
transfusions are really not comparable. 

As to the high incidence of complications that we experienced, 
I emphasize that this results solely from the broadened definition 
of what constitutes a complication. Unnecessary blood transfu- 
sions are a complication because of the high morbidity and 
mortality due to non-A, non-B hepatitis. 

It is important to emphasize the considerable risk associated 
with blood transfusion, a risk that actually exceeds that of 
postsplenectomy sepsis. We recommend that other investigators 
include unnecessary blood transfusion in their complication list in 
evaluating the results of splenorrhaphy. 


Splenorrhaphy—Beal & Spisso 1163 


Limb Salvage in End-Stage 


Renal Disease (ESRD) 


Comparison of Modern Results in Patients With and Without ESRD 


James M. Edwards, MD; Lloyd M. Taylor, Jr, MD; John M. Porter, MD 


e We reviewed our experience with femoral-popliteal-tibial 
reversed vein bypasses performed for limb salvage in 226 
patients without and 19 patients with end-stage renal disease 
(ESRD). While 18-month primary patency rates were compar- 
able (85% and 89%), limb salvage was significantly lower (76% 
vs 95%) in patients with ESRD. Five amputations in the ESRD 
group were required for nonhealing, large foot ulcers in 
diabetic patients despite patent arterial bypass while only five 
of 13 amputations in patients without ESRD were required in 
the presence of patent grafts. The need for major amputation 
despite patent bypass in diabetic patients with ESRD who 
have extensive foot gangrene or ischemic ulceration occurs 
sufficiently often that we recommend primary amputation be 
considered in these patients without regard to possible vas- 
cular reconstruction. 

(Arch Surg 1988;123:1164-1168) 


D recent years, we and others have reported improved 
patency rates of lower-extremity vascular bypass pro- 
cedures. Limb salvage and one-year patency rates are now 
expected to be in excess of 90%, with five-year rates of 
80% or higher.** However, occasional patients are encoun- 
tered in whom technically satisfactory arterial reconstruc- 
tions do not result in healing of distal ischemic lesions, 
leading to the need for major limb amputation. If these 
patients could be identified at the time of initial evaluation, 
needless bypass surgery and prolonged hospitalization 
could be avoided and primary amputation performed 
promptly. While successful revascularization is less expen- 
sive than primary amputation, failed reconstruction fol- 
lowed by amputation is the most expensive possible com- 
bination in terms of both dollar costs and hospitalization 
days.®? 

While reviewing our series of femoral-popliteal-tibial 
bypasses performed for limb salvage, we were impressed 
by the number of amputations required in patients with 
end-stage renal disease (ESRD) despite the maintenance 
of patent bypass grafts. Our experience with the manage- 
ment of patients with ESRD requiring leg bypass forms 
the basis for this report. 


PATIENTS AND METHODS 


The records of all patients undergoing lower-extremity bypass 
at the Oregon Health Sciences University, Portland, from 1980 to 
1987 were reviewed for the indications for surgery, the size and 
location of ulcers or gangrenous lesions, the presence of ESRD, 
graft patency, limb salvage, and patient survival after surgery. 
For the purpose of this review, ESRD was defined as the absence 
of renal function, necessitating dialysis (hemodialysis or peritoneal 
dialysis) or a renal transplant. We define limb-threatening ische- 
mia as gangrene, rest pain, or ischemic ulceration, and an ankle- 
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brachial index of less than 0.4.5 In the case of patients who had 
received a transplant, renal function was often normal. 

All patients underwent angiography. Autogenous veins were 
used for lower-extremity bypass in all patients in this series. We 
have previously described our preferred operative techniques for 
autogenous vein bypass.**? All patients undergoing bypass receive 
325 mg of aspirin preoperatively and daily thereafter. Most 
patients also received 1096 dextran 70 in normal saline solution 
(500 mL/24 h) for 48 hours postoperatively. 

Patients were seen postoperatively every three months for one 
year and then every six months. Noninvasive laboratory testing 
was performed at every visit to obtain palpable pulse status, 
segmental four cuff leg pressure determinations, Doppler wave 
forms, treadmill walking distance with ankle pressure recovery 
times, and Doppler determination of graft flow velocity." Graft 
patency was determined by the presence of palpable distal pulses 
or by maintenance of initial postoperative improvement in vaseular 
laboratory-determined segmental pressures. Any questionably 
patent grafts were examined by angiography. 

Patency data were analyzed by the life-table method. Reported 
patency was primary patency only. Grafts that occluded, even in 
the recovery room, or required revision of any kind, such as 
thrombolytic infusion, balloon dilatation, or operative revision, 
were regarded as occluded in accordance with the published 
standards for reporting the results of vascular reconstructive 
procedures.* Any limb that was amputated at or above the ankle 
was regarded as lost, while limbs requiring minor amputations, 
such as a transmetatarsal or toe amputation, were regarded as 
salvaged. Life tables were compared through the use of the log- 
rank test.” Testing of the remaining data for statistical significance 
was accomplished by x? analysis. 


RESULTS 


Between Jan 1, 1980, and July 22, 1987, we performed 
infrainguinal revascularization in 304 limbs in 245 patients 
for treatment of limb-threatening ischemia, including 25 
bypasses in 19 patients with ESRD. The follow-up interval 
ranged from 0 to 73 months, with mean follow-up of 9.7 
months in patients with ESRD and 19 months in patients 
without ESRD. 

The demographic characteristics of the patients are 
shown in Table 1. The ESRD patient group was signifi- 
cantly younger (P<.05) and included a higher percentage 
of diabetics (P<.02). The characteristics of the patients 
with ESRD are shown in Table 2. Nine limbs in eight 
patients had ischemic ulcerations limited to the toes. 
Fifteen limbs in 11 patients had ischemic ulcerations 
ranging in size from 1 to 100 cm?. Fourteen of the 15 
ulcerations involved the foot proximal to the toes, while 
one involved the leg. 

Graft patency data are shown in Fig 1 and Table 3. The 
cumulative primary patency rate for all grafts was 89% at 
one year and 78% at three years. Patency rates at both one 
and three years in patients with ESRD were 85%. In the 
patients without ESRD the patency rates at one and three 
years were 89% and 78%, respectively There were no 
significant differences in graft patency among the patient 


groups. 
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Table 1.—Patient Demographics* 





No Renal Renal 
Failure Failure 
(n= 238) (n=19) P 
Mean age, y 69.5 46.4 <.05 
Diabetes 103 (46) 15 (89) «.02 






Smoking 158 (70) 9 (47) NS. 
M/F 127/99 11/8 NS 
19 9.7 ae 


Mean follow-up, mo 






*Values in parentheses are percentages. NS indicates not significant. 


Table 2.—Demographics of Patients With 
End-Stage Renal Disease 


No. of 


Varlable Patients 


Treatment of renal failure 

Dialysis 
Hemodialysis 
Peritoneal dialysis 

Transplant 
Receiving azithioprine and prednisone 
Receiving azithioprine 
Receiving no medications 


Presenting symptoms 
Gangrenous toe(s) 


Ulceration 





The cumulative limb salvage rates for all limbs at one 
and three years were 94% and 92%, respectively. In patients 
with ESRD the one- and three-year limb salvage rates 
were 76% and 76%, respectively, and in the patients without 
ESRD the rates were 95% and 94%, respectively (Fig 2 
and Table 4). The limb salvage rate for patients with ESRD 
was significantly lower than for the entire group (P<.01) 
and for patients without ESRD (P<.005). Overall, five of 
19 patients with ESRD and 13 of 226 patients without 
ESRD required major limb amputation. The five major 
limb amputations required in the ESRD group each oc- 
curred in the presence of a patent graft. Five of 13 major 
limb amputations in patients without ESRD were required 
in the presence of patent grafts (P — .07). 

No patients with ESRD who presented with an ischemic 
ulceration limited to one or more toes required major 
amputation, although most required toe amputation(s). 
There were nine limbs in seven patients with small ischemic 
ulcerations (—2 em in diameter), and no limbs were lost in 
this group. Five of seven patients with ischemic ulceration 
greater than 2 em in diameter involving the leg or foot 
required amputation despite patent bypass grafts. The 
average size of the ischemic limb ulceration in the patients 
with ESRD who required major amputation was 40 cm’. 
Two patients with large ischemic ulcerations did not un- 
dergo amputation. One patient with a 16-cm? foot ulceration 
refused amputation and had a persistent unhealed foot 
ulcer at the time of his death 33 months later. The other 
patient had an extensive 50-cm* ulcer of the leg that did 
not involve the foot and that healed after revascularization. 
There was no difference in limb outcome between patients 
with ESRD receiving dialysis and those undergoing suc- 
cessful renal transplantation. | 

The reason for the shorter mean follow-up interval in the 
patients with ESRD was the mortality rate, which was 
much higher than in patients without ESRD. Life-table 
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Table 3.—Life-Table Primary Patency Rates 


Interval Primary SE of 







Interval, No. — No. Patency, Patency, Primary 
mo N Occluded Withdrawn % % Patency 
All Grafts 
0-6 304 20 74 93 93 0.0161 






7-12 210 7 0.0203 


56 96 89 
1 5 37 93 78 T 
26 97 76 





4 
25-36 9 0.0353 
37-48 49 1 0.0404 


End-Stage Renal Disease Grafts 
0-6 25 1 12 95 95 0.0512 


4 0 3 100 85 j 
1 0 Es: 200 85 ; 






25-36 0.1049 
37-48 0.1049 


No End-Stage Renal Disease Grafts 
0-6 279 19 62 92 92 





0.0169 


Table 4.—Life-Table Limb Salvage Rates 




























Interval No. No. interval Cumulative SE of 
Standard, Ampu- With- Salvage, Salvage, Primary 
mo N tated drawn % % Patency 
All Grafts 
0-6 304 14 80 95 95 0.0142 






25-36 91 41 99 92 0.0204 
37-48 49 26 97 90 0.0321 


End-Stage Renal Disease Grafts 
0-6 25 5 8 76 76 


7-12 12 100 76 
13-24 6 1 76 0.0929 


00 
25-36 B 00 76 0.0929 
00 


1 
37-48 1 76 0.0929 


—_ | — 






0.0929 
0.0929 






o 
MIO 





eo 
= | Q 


— 
eo 


No End-Stage Renal Disease Grafts 
0-6 279 9 2 96 96 0.0127 
7-12 198 2 55 99 95 0.0148 


13-24 141 54 100 95 0.0148 


25-36 87 1 38 99 94 0.0201 
37-48 48 1 25 97 91 0.0325 


survival in patients with ESRD was 68% at six months and 
only 18% at 36 months. In comparison, in patients without 
ESRD, survival was 90% at six months and 66% at 36 
months. Survival was significantly longer for the patients 
without ESRD (P<.001). 


COMMENT 


The arteriopathy usually present in patients with chronic 
renal failure is distinguished from typical atherosclerosis 
by extensive calcification in the media of large, medium, 
and small vessels. The calcifications may be massive and 
lead to obliteration of the lumen. The pathologic features 
are different from those seen in diabetics in whom the 
obstruction usually is caused by atheromatous involvement 
of the intima.’ The pathogenesis of arterial calcification 
associated with renal failure is not fully understood. Most 
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All Grafts (N — 304) 
ESRD Grafts (n — 279) 
— —7—7 No ESRD Grafts (n= 25) 


24 


Time, mo 





Fig 1.—Cumwulative primary patency of grafts in all patients, patients with end-stage renal disease 
(ESRD), and patients without ESRD. NS indicates not significant. 


Fig 2.—Cumulative limb salvage in all patients, patients with end-stage renal disease (ESRD), and 
patients without ESRD. NS indicates not significant. 


P<.019 P<.005 


I£ 


me All Lirribe (N — 304) 


% Salvaged 


-—--—-— ESRD Limbs (n=25) 
— —7-—7 No ESRD Limbs (n= 279) 


24 


Time, mo 
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believe that secondary hyperparathyroidism with associ- 
ated changes in calcium and phosphorus metabolism and 
acidosis have a major role." Obviously, the arterial 
abnormalities associated with ESRD are compounded by 
those associated with diabetes. Fifteen of the 19 patients 
with ESRD in this report were diabetic. All five patients 
with ESRD who required major limb amputation were 
diabetic. 

Modern results of arterial bypass surgery with saphe- 
nous vein for salvage of limbs threatened by ischemic 
lesions are greatly improved compared with historical 
controls.** The excellent modern results certainly appear 
to justify the selection of revascularization over primary 
amputation in most patients with limb ischemia from the 
viewpoint of both cost/benefit and risk/benefit analyses. 679 

Modern lower-extremity bypass achieves intermediate- 
term salvage of ischemic limbs in over 90% of patients. 
Nonetheless, it remains important to identify subgroups 
in whom a patent arterial reconstruction may not result in 
limb salvage. These patients are cost/risk/benefit disasters 
because they accrue the risks and costs of bypass surgery 
without measurable benefit. If such a subgroup(s) could be 
accurately identified preoperatively, one may confidently 
recommend primary amputation and avoid prolonged hos- 
pitalization with multiple operations. This would achieve 
both a significant savings in resources and more rapid 
patient rehabilitation. 

Many factors must be carefully considered in formulating 
a recommendation for bypass or amputation in an individ- 
ual patient with limb ischemia. Several published reports 
have attempted to predict patient outcome based on anal- 
ysis of a number of preoperative variables, including run- 
off status, prior limb bypass, preoperative prediction of 
potential amputation level, need for concurrent proximal 
vascular reconstruction, site of distal anastomosis, intra- 
operative measurements of outflow resistance, and the 
availability of saphenous vein for use as a conduit." 
Unfortunately, while all of these factors have been identi- 
fied as risk factors that may lead to poor outcomes, no 
factor alone or any combination of factors has identified a 
patient group with a sufficiently high risk of failure of limb 


salvage to justify recommendation for primary amputation. 
One possible exception may be complete absence of usable 
autogenous vein, which in our experience occurs rarely, as 
we are quite willing to use lesser saphenous vein, arm vein, 
and extended endarterectomies to form autogenous bypass 
conduits of adequate length. ° 

The results of this review indicate that patients with the 
combination of ESRD and extensive foot ulcerations form 
a subgroup in whom poor results may be predicted. In 
addition, patients with ESRD with critical limb ischemia 
have an extremely poor prognosis for long-term survival. 
Despite bypass patency rates equal to those of patients 
without ESRD, the limb salvage rates were significantly 
less. 

Most (8996) of the ESRD patient group were diabetic. 
We believe it is unlikely that the limb loss seen in the 
ESRD patient group is solely the result of diabetes. Our 
treatment of a large group of diabeties with similarly 
threatened limbs has resulted in salvage of many limbs 
with feet threatened by gangrene and/or infection." Simi- 
larly, lower-extremity revascularization in all diabeties has 
produced results indistinguishable from treatment of non- 
diabeties.* 

Nevertheless, the high incidence of diabetes in the small 
number of patients in this review mandates that our 
conclusions be confined to diabetic patients with ESRD. 

Based on current data, we suggest diabetic patients with 
ESRD who have large ischemic foot ulcerations proximal 
to the toes are at significant risk for limb loss despite 
aggressive and successful revascularization. All six such 
patients presenting with large ischemic foot ulcerations in 
this series required amputation (or died unhealed) despite 
patent grafts. This experience has led us to consider 
primary amputation in diabetic patients with ESRD pre- 
senting with extensive ischemic foot ulcerations to avoid 
prolonged hospitalization and multiple operations, and to 
promote more rapid rehabilitation. 


This study was supported in part by grant RR00334 from the Clinical 
Research Center Branch, Division of Research Resources, National Insti- 
tutes of Health, Bethesda, Md. 
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Discussion 


JOHN E. CoNNoLLY, MD, Irvine, Calif: We have considerable 
experience with access procedures and with this type of patient. 
Not too many of these patients present each year for consideration 
for revascularization. We see about two patients a year from a 
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very active dialysis unit, and I notice that the authors only had 19 
patients. 

In such a patient, we decide whether they are going to be 
treated by bypass or amputation using the same criteria for 
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patients not suffering from ESRD. There are more diabetics in 
this segment of the population, and as a result, we tend to do more 
amputations in this group than we do in patients without ESRD. 

The national figures for attrition of patients with ESRD are 
reported to be 20% a year, so that the longevity of many of these 
patients is considerable. Because of that and because of the 
increasing numbers of patients who are being treated with renal 
dialysis, we maintain that it is worthwhile to perform bypass when 
normal selection criteria are present. 

The authors have mentioned the advantages of lower cost and 
lower risk for the patient with primary amputation. I was amazed 
to find that prostheses cost $2000 and $3000 in many instances. 
Some of our patients have two or three prostheses and have never 
been rehabilitated, so that the cost of amputation and prostheses 
actually may be higher than that of revascularization, plus the 
cost of rehabilitation. 

The authors had a success rate of 75% with revascularization in 
their patients with ESRD vs 96% in their patients without ESRD. 
Seventy-five percent is quite good and makes it worthwhile in 
selected patients to continue to consider bypass. If a patient had 
extensive gangrene of the foot and ESRD, the authors would opt 
for amputation, and we would agree with that recommendation. 

We are quibbling about the patient with what we would consider 
to be a salvageable extremity. Using criteria that we apply to 
patients without renal failure, we would still offer this type of 
patient a bypass. It will be very interesting to evaluate the 
outcomes of larger series of patients undergoing renal dialysis 
with peripheral vascular ischemic disease to see if the authors’ 
premise is valid over the long term. 

Wes ey S. Moore, MD, Los Angeles: The authors have dem- 
onstrated that those patients with ESRD are at greater risk for 
failure of limb salvage despite a patent bypass graft. 

This information must be taken into consideration when one 
evaluates a patient with limb threat who has ESRD. While 
amputation must be considered a therapeutic alternative in this 
patient, as well as any other patient with threatened limb loss, I 
would not recommend that amputation be the procedure of choice. 
If the patient has a salvageable extremity, as determined by both 
angiographic criteria and the extent of the ischemic gangrenous 
process, vascular repair is the procedure of choice. 

The authors’ own abstract data support an aggressive approach 
toward revascularization. In a cohort of 27 patients with limb- 
threatening ischemia who had ESRD, vascular reconstruction 
resulted in salvage of 22 extremities and only five amputations. 
An 81% limb salvage rate is preferable to a 0% limb salvage rate 
had all those patients proceeded with amputation. 

Retrospective review of series, using multifactorial analysis, 
can be misleading with respect to using the derived data to modify 
one’s therapeutic approach. I would like to illustrate this with an 
anecdote from our experience. In 1980, our department of biosta- 
tistics presented us with a computerized program that gave us the 
opportunity to look at preoperative risk factors in patients requir- 
ing femoropopliteal reconstruction and to do computer modeling 
that would enable us to make a preoperative prediction as to the 
success or failure of the repair with respect to long-term patency. 
This technique is known as “statistical logistic regression analysis.” 
We subjected a large series of patients who had undergone vascular 
reconstruction previously to a retrospective analysis. Before 
publishing these data, we thought it would be important to validate 
the information. In the interval, we had accumulated another two 
years of experience with patients presenting with limb-threaten- 
ing ischemia. We used the data from these patients as if they were 
preoperative patients and did not tell the computer the outcome, 
which was known to us. The computer prediction on this new data 
set was virtually 100% wrong when compared with the actual 
outcome. This emphasizes the fact that whenever one submits a 
new data set to various retrospective analyses, information 
changes, and, therefore, we really do not know the preoperative 
predictors of success or failure. In the final analysis, I would 
recommend that revascularization be offered as the procedure of 
choice to patients who have an extremity that is salvageable and 
who are in the hands of a surgeon with a record of low morbidity 
and mortality. 

ALBERT D. HarL, MD, Greenbrae, Calif: You alluded to meta- 
bolic factors that exist in this group of patients with renal failure. 
What are those factors, and do they affect the microcirculation? 
Is this an aberration of fibrinogen or some other factor that can 
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be controlled with medical management? 

STEVEN N. Parks, MD, Fresno, Calif: What we have just been 
shown is a group of five diabetic patients with ESRD who had 
extensive tissue loss (^4 cm); they have an 80% failure rate of 
revascularization. When you have that sort of patient and if you 
have an 80% failure rate, you should avoid revascularization and 
opt for amputation. 

EDWARD A. Darinxo, MD, San Bernardino, Calif: Most of the 
patients presented had ESRD secondary to diabetes (89%). Dia- 
betic patients who present for transplantation are multiple organ- 
diseased patients, and this is borne out by their low, 36-month 
survival rate. I wonder about the metabolic effects of secondary 
hyperparathyroidism that were present in some of these patients. 
When this happens, patients may have a very high hyperphospha- 
temia, and some will have an associated small-vessel vasculitis, 
which responds to subtotal or total parathyroidectomy. Did any of 
the authors' patients have a hyperphosphatemia? Also, how many 
amputations were in the upper extremity? Were any of these 
ulcers considered neurotropic ulcers on the plantar surface of the 
foot? 

JERRY GOLDSTONE, MD, San Francisco: Have you had any 
experience with patients who have had renal failure and then had 
a renal transplant with normalization of renal function? Do you 
think the outcome would be the same as for those that have ESRD 
without good kidney function from a functioning transplant? 

RoNaALD G. Latimer, MD, Santa Barbara, Calif: Did you study 
the influence of smoking in these patients? Did you determine if 
the type of dialysis (hemodialysis vs peritoneal dialysis) produced 
any differences? 

Dr Porter: Dr Connolly, we are doing about 150 limb bypasses 
a year and have begun to see a significant increase in patients 
with renal transplant in this population. The transplant program 
at our institution currently performs 150 to 200 transplants a year. 
These patients are living longer, and this probably accounts for 
the increased numbers of these patients in our vascular surgery 
population. 

I agree that we should attempt to salvage limbs whenever it is 
reasonable and practical. A salvaged limb is better than a pros- 
thetic limb almost without exception. We are trying to identify 
people who have no reasonable likelihood of limb salvage despite 
our best effort. We are not saying "Do not try limb salvage in 
diabetic patients with ESRD." We are saying that we have been 
uniformly unable to achieve limb salvage in diabetic patients with 
ESRD who present with extensive ischemic foot ulceration. A 
diabetic patient with ESRD and an ischemic foot ulcer greater 
than 6 cm? has a limb salvage rate, despite successful bypass 
grafting, of zero. That is the message we wish to leave with you. 

Dr Hall, many nondiabetic atherosclerotic patients presenting 
with extensive foot gangrene can undergo extensive foot débride- 
ment followed by a successful tibial bypass and have a high 
likelihood of foot salvage. A diabetic patient in a similar situation 
has a lower likelihood of limb salvage, and a diabetic patient with 
ESRD in this clinical setting has no likelihood of limb salvage, in 
our experience. Metabolic factors are at work here that we do not 
understand. 

Drs Hunt and Knighton and others have demonstrated the 
presence of a myriad of locally produced growth factors that may 
play an important role in modulating wound healing. Without a 
doubt, in the next few years there is going to be an explosion of 
interest in the topical application of tissue-derived wound healing 
factors to recalcitrant nonhealing lesions. I am aware of several 
randomized, multicenter trials starting, one of which involves a 
product first described in Dr Hunt's laboratory—the platelet- 
derived wound healing factor. 

Dr Dainko, I do not know if hyperphosphatemia has any specific 
role in this patient group. None of these patients had undergone 
parathyroidectomy. There were no upper-extremity amputations 
performed in these patients. Without question, we are not talking 
about neurotropic ulceration. These are large segments of gangre- 
nous foot. This is not a simple punched-out plantar. The clinical 
course of vascular disease in these patients has not been favorably 
affected by the performance of successful kidney transplantation. 
The combination of long-standing renal failure, diabetes, frequent 
cigarette smoking, and now steroid and other immunosuppressant 
therapy is more than these patients can stand. Smoking appears 
to be an independent risk factor, and four of five of these patients 
who underwent amputation were smokers. 
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Arteriovenous Graft Life in 


Chronic Hemodialysis 


A Need for Prolongation 


Donald D. Bell, MD, John J. Rosental, MD 


èe As long-term hemodialysis has become well accepted 
over the last 25 years, so has the need for more exacting and 
updated techniques for arteriovenous graft construction. The 
death rate for patients with chronic renal failure undergoing 
biweekly or triweekly hemodialysis was once generally 10% 
per year. This pertained to a small, highly selected group of 
good-risk younger patients. Advancement in dialysis technol- 
ogy and experience has failed to reduce this rate. Essentially, 
all patients (including ill, elderly, and high-risk patients) are 
now candidates for long-term hemodialysis. In many cases, 
prolonged patient survival has added new importance to the 
extension of arteriovenous graft life. Over the last five years, 
approximately 1300 arteriovenous graft salvage procedures 
and new constructions have been performed. Of these, 70% 
were thrombectomies and revisions for graft salvage. Simple 
thrombectomy and removal of accumulated neointimal hyper- 
plastic material along the course of the PTFE graft, and 
especially at the graft-venous anastomotic junction, can often 
extend graft life another six months to one year or more and 
permit immediate usage postoperatively. Graft life is even 
more prolonged with patch angioplasty at venous outflow 
stenoses or by adding a new segment of PTFE to bypass 
areas of venous stenosis. Conservation of unused extremities 
for future arteriovenous graft construction is our goal. 

(Arch Surg 1988;123:1169-1172) 


n the early 1960s, with the advent of the Quinton- 
Scribner shunt and long-term hemodialysis, it became 
apparent that the mortality rate of the patients with 
chronic renal failure approximated 10% per year.! During 
the initial experience in long-term hemodialysis, limited 
financing and equipment required a highly select group of 
patients. Compared with patients undergoing hemodialysis 
today, the overall health status of the patients undergoing 
long-term hemodialysis in our initial experience was su- 
perior, and the mean age was younger than it is today. The 
financial burden of this new form of therapy and its long- 
term nature has led to governmental (Medicare) support 
and funding.? 

In 1987, 91000 patients with chronic renal failure re- 
quired hemodialysis for eight to 24 hours per week.? This 
represents a multifold increase, and literally all patients 
with chronic renal failure are now hemodialysis candidates. 
High-risk patients with advanced forms of malignancy, 
poor cardiac status, and short-term survival outlooks are 
regularly included in the long-term hemodialysis catch- 
ment group. The current overall mortality rate approxi- 
mates 20% per year. The anticipated decreased survival 
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rates due to the increasing severity of illness have been 
partially offset by improved knowledge, instrumentation, 
and dialysis technology over the last two decades. The 
vascular surgeon has subsequently been called on to 
provide continued arteriovenous (AV) access for increasing 
periods in the longer-term survivor. 

Autogenous AV fistula of the Brescia-Cimino type is the 
hemodialysis access procedure that provides the longest- 
term trouble-free patency.‘ Unfortunately, well-functioning 
fistulas are found in less than 15% of our entire dialysis 
population. PTFE AV grafts represent the mainstay of the 
access types we currently deal with on a daily basis (15% 
AV fistula, 80% AV graft, and 5% continuous ambulatory 
peritoneal dialysis). A retrospective chart review was 
carried out on nearly 1300 patients who underwent AV 
graft procedures from 1983 to 1987. All patients underwent 
insertion, thrombectomy, or revision of PTFE AV grafts. 
Of 1290 patients who underwent graft procedures from 
1983 to 1987, 31% (400) underwent new graft; 15% (193), 
thrombectomy; and 54% (696), thrombectomy and revision. 
The new graft refers to PTFE (GoreTex) grafts that were 
tapered 4 to 7 mm and preferred in all positions by the 
surgeon. Our dominant new AV graft access configuration 
is a straight forearm graft (60%). Arterial input is received 
from the radial artery at the wrist and is connected in an 
end graft-to-side artery anastomotic fashion to the abbre- 
viated 4-mm end of the graft. Since confining our AV graft 
choice to the tapered PTFE conduit model in 1980, distal 
arterial steal and high-output failure problems have been 
reduced dramatically* We have inserted 60% straight 
forearm grafts, 37% straight arm grafts, 2% loop forearm 
grafts, and 1% loop thigh grafts. 

Choice of the straight forearm graft has often been 
contingent on the presence or absence of diabetes mellitus 
and arterial calcinosis involvement of the radial artery (Fig 
1). More often, thrombosis in the antecubital vein complex 
from venopunctures precludes placement of a forearm 
graft. These usually can easily be assessed at physical 
examination by inspection and palpation prior to surgery. 

Initially, we were more enthusiastic about utilizing loop 
forearm grafts. Although the 4-mm taper has virtually 
eliminated high-flow situations, difficulty in Fogarty cath- 
eter thrombectomy and loop construction necessitating 
one or more counterincisions have tempered our choice. 
Currently, loop graft configuration in the forearm is con- 
fined to reconstruction and conversion of straight forearm 
graft to a loop forearm graft in cases where the radial 
artery has become occluded or stenosed (Fig 2). 

During evaluation for new graft insertion, intensity of 
radial pulse, Allen test, and adequacy of the antecubital 
venous complex should all be taken into consideration prior 
to choice of a straight forearm AV graft construction. 
Should these militate against this usage, an arm graft is 
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Fig 1.—Straight forearm graft. 


the next selection of choice (Fig 3). The use of the usually 
large brachial artery above the antecubital crease and the 
huge axillary vein accounts for the higher immediate and 
increased long-term patency rates compared with the 
straight forearm grafts. 

Primary patency rate for these new grafts has been 
approximately one year. (Early unexpected and uncharac- 
teristic thromboses of 18 grafts significantly reduced the 
primary patency rate.) Thrombosis of new grafts within 
the first 30 days was suspected to be due to factors such 
as low-flow states, hypotension, hypercoagulability, early 
graft usage, and subsequent tunnel hematoma formation. 
At least five technical errors were found at reexploration. 

Late graft thrombosis was most frequently caused by 
neointimal hyperplastic buildup and stenosis at the venous 
outflow tract (graft-vein anastomosis). Occasionally, graft 
failure was noted from a similar situation at the arterial 
anastomosis or midgraft at frequently used needle punc- 
ture sites. Prior to graft thrombectomy and/or reconstruc- 
tion, we often query the dialysis nurse or technician with 
regard to recent graft performance. The information ob- 
tained usually explains why the graft occluded. Increasing 
venous resistance and/or prolonged bleeding from dialysis 
needle holes, with or without pseudoaneurysm formation 
in the graft, is pathognomonic for venous outflow stenosis 
or very distal graft stenosis. Stenosis at the arterial inflow 
site, either from progressive atherosclerosis obliterans of 
the native artery or at the graft-artery anastomosis, is 
often predicted by increasing problems with inadequate 
flow rates and negative pressures developing during a 
dialysis run. 

Optimum management of the thrombosed AV graft 
frequently requires judgment and experience. Knowing a 
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Fig 2.—Straight forearm graft converted to loop. 


patient's recent graft performance data while undergoing 
hemodialysis may aid immeasurably in reaching the correct 
decision for reconstruction. Occasionally a perceptive ne- 
phrologist or dialysis nurse has performed graft angiog- 
raphy prior to the thrombotic event, and the problem can 
then be corrected either by percutaneous angioplasty or 
intraoperative repair Utilizing these data intelligently 
can frequently make the difference in achieving a long- 
term patency success vs an early postoperative graft 
thrombosis. 

Simple graft thrombectomy can often suffice in the face 
of thrombosis due to intradialysis or postdialysis hypoten- 
sion or a history of external prolonged graft compression. 
Addition of long-term antiplatelet drug therapy seems to 
have benefited patency in some cases." Following an episode 
of graft thrombosis, our patients receive 0.33 g of aspirin 
daily. Following multiple thrombosed graft episodes occur- 
ring without a discernible reason, the patient undergoes 
long-term anticoagulation therapy with warfarin sodium 
(Coumadin), if possible, or a new graft is placed. 

Our typical attempt at thrombectomy begins with an 
incision at the vein-graft anastomosis. The venous-graft 
junction is dissected free, inspected, and palpated. Neoin- 
timal hyperplastic buildup and resultant outflow stenosis 
can usually be perceived as thickening and induration. If 
thrombectomy alone is anticipated, the graft is opened 
transversely near the anastomosis. A No. 4 Fogarty cath- 
eter is used to sequentially remove thrombus from the 
graft and graft-vein junctions. It will also give information 
pertaining to graft wall smoothness and junctional stenosis. 
Sized pituitary ronguers and Keborkian curettes are reg- 
ularly used to restore normal lumen size by removing 
neointimal hyperplasia throughout the graft length. Hegar 
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Fig 3.—Straight arm graft. 


dilators are used for calibrating the graft-vein interface. 
If a No. 5 or No. 6 dilator will pass easily through the 
venous anastomosis, then thrombectomy a:cne will often 
suffice. 

If venous outflow tract stenosis is present, an incision is 
made longitudinally through the anastomosis. This can be 
done through the graft-vein junction for anticipated patch- 
ing and angioplasty or placed above the anastomosis if a 
new small graft segment addition is to be utilized to bypass 
the stenosis. The latter reconstruction avoids redissection 
in the scarred anastomosis site and definitely appears to 
maintain longer patency than patch angioplasty. For a 
number of years, we have not hesitated to cross joint lines 
with the addition of graft segments. The patients are 
informed of this, and, to our surprise, the long-term graft 
patency appears to be acceptable. Although far from ideal, 
we have had grafts originating at the radial artery at the 
wrist and running to the axillary vein that have remained 
patent for well over a year. 

Generally, venous outflow problems outnumber arterial 
inflow problems 15:1. Arterial inflow insufficiency can 
frequently be predicted during hemodialysis and confirmed 
at the time of thrombectomy and dealt with accordingly. A 
new arterial site for anastomosis is usually picked proxi- 
mally on the artery, and either the mobilized old graft is 
mobilized or a new free segment can be added. 

Straight arm grafts are often more difficult to deal with 
due to the inability of going higher on the axillary vein. 
Once again, graft-venous outflow tract stenosis is by far 
the most frequently noted problem. Occasionally this can 
be dealt with on a one-time basis with either patch 
angioplasty or the addition of new PTFE segment. Retrac- 
tion of the pectoralis major with the patient under local 
anesthesia, even with intravenous sedation, renders such 
surgery quite uncomfortable for the surgeon and patient 
alike. Occasionally this problem can be dealt with effec- 
tively by balloon angioplasty, if it can be found prior to 
thrombosis with angiography. If the graft appears worth 
saving and the patient will tolerate a general anesthetic, 
the pectoralis major can be split, the pectoralis minor 
insertion divided, and a new graft segment added high in 
the axillary vein just below the clavicle (Fig 4). On occasion, 
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Fig 4.—Straight arm graft revision. 


we have extended new graft segments over the clavicle and 
used the external jugular or internal jugular veins for 
prolongation of graft life. 

Occasionally a PTFE graft becomes exposed or infected.* 
This occurs most frequently from a needle puncture ab- 
scess. In selected cases where the infection is well localized 
and does not involve an anastomosis to the vein or artery, 
we have had good long-term results in opening and draining 
any collection of pus surrounding the graft. The infected 
segment can be defunctionalized and bypassed at sterile 
and remote sites 24 to 36 hours following incision and 
drainage if the open area can be sealed off well. The 
infected segment can then be removed several days later, 
after the inflammation has decreased and the bypassed 
areas have sealed. We often do the latter procedure in the 
office with the patient under local anesthesia. This tech- 
nique has been successful in graft salvage in 19 of 21 cases. 

Multiple attempts at arriving at overall secondary pat- 
ency rates were unsuccessful. The multitude of variables 
present in this large group rendered the results confusing 
and meaningless. The AV graft life could usually be ex- 
tended an additional 1.5 to three years with several 
thrombectomies and/or revisions. The average number of 
procedures per graft was 3.9, the fewest being two and the 
most ten. 

Although it may seem to some that we go to extremes 
for existing graft salvage, we believe it is important to be 
able to immediately use the graft for dialysis following 
revision and to conserve sites for future new grafts. 
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Discussion 


. RoBERT S. OzERAN, MD, Los Angeles: Few vascular surgeons 
have the patience and perseverance to deal with these problems, 
and nephrologists tend to consider every lapse in access a major 
crisis. 

Much has changed from the days of the Scribner shunt. The 
availability of temporary venous catheters for short-term access 
has tempered the urgency of acute failures. As has been pointed 
out, the patients are older and have more mitigating disease 
problems. 

We agree that the Brescia-Cimino fistula provides the best form 
of access but is too infrequently available. The Scribner shunt is 
occasionally useful and has the advantage that it may be convert- 
ible to a Brescia-Cimino fistula later. 

We prefer the arm fistula (brachioaxillary) using tapered PTFE. 
We have been disappointed with the Impra graft because of its 
tendency to stenose. Our experience with thrombectomy and 
revision has been the same as the authors’. 

In the past five years, we have constructed 109 fistulas that 
have required 139 thrombectomies and/or revisions. Of these, 100 
were in the arm and nine were in the leg. 

Some years ago, we made more leg fistulas but shifted to the 
arm because of the poor patient acceptance. However, the leg 
fistula is better because of its high flow, and we are beginning to 
do more of these again. We have had only one failure in nine grafts, 
and that was at six months. 

Other than technical problems, it appears that early failures 
may be due to use of the graft too soon after construction. 

I would like to ask how long the authors wait before using the 
fistula and if they use temporary access measures to prolong that 
time. 

GEoRGE I. Tuomas, MD, Seattle: The authors stated that re- 
visional or salvage surgery is about 215 times more frequent than 
the new procedures and that the majority of the revisions are in 
the venous interface. 

In 1968, I was involved as an access surgeon with Belding 
Scribner, MD, at the Northwest Kidney and Dialysis Center in 
Seattle where we introduced the femoral shunt. This only had 
about five years of acceptance, as it was replaced by the Brescia- 
Cimino AV fistula. 

This femoral shunt was placed on the femoral artery and the 
femoral vein with a Dacron applique and an infection barrier that 
would become organized under the skin to reduce infection. Within 
two years of the first shunt application, we had a 47% failure rate 
on the venous end and had to do a lot of improvising. The shunt 
forces and turbulence at that venous interface were monumental, 
ultimately leading to a hard collagenous scar at the venous site. 

We were then introduced to a “diffuser.” Diffusers have been 
used in industry and are used commercially in oil and gas trunk 
lines. They are used in wind tunnels and some fluid mechanics. 
Basically, diffusers are used to accommodate the mismatch be- 
tween two dissimilar areas by interposing about a 16° enlargement 
at the point of insertion to decrease the velocity and increase the 
pressure. This mechanical feature holds the boundary layer so it 
does not separate. We adopted this diffuser concept at the end of 
the femorovenous shunt, and in over 100 cases we had only a 12% 
venous failure rate. 

Would the diffuser concept be applicable to your access AV 
fistulas with high venous failure rates? Does your angioplasty 
essentially put in place a diffuser by enlarging this junction? 

Don McCoNNELL, MD, Portland, Ore: Our patients who un- 
dergo hemodialysis are a highly selected group. They are high 
risk because the better-risk patient is selected for transplantation 
or home peritoneal dialysis. Because of this, we do almost all of 
these procedures with the patient under local anesthesia. 

Completion angiography in cases of graft thrombosis is man- 
datory because early rethrombosis can be prevented by avoiding 
missed lesions distally. The angiogram takes an extra 15 minutes. 
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Is there any way of anticipating that an access is about to fail, 
ie, do you use duplex scans, measure flow velocity, or have some 
program of periodic angiography on a scheduled basis? Have you 
used intraoperative angioscopy to advantage? 

Epwarp A. Dango, MD, San Bernardino, Calif: Our patients 
with end-stage renal disease often are sent for access with the 
request for a PTFE graft or a nonautogenous graft by the 
nephrologist because they like the fast flows and get better, more 
efficient dialyses. They are often unable or unwilling to wait for 
an autogenous fistula to develop. . 

Our experience of about 100 new fistulas a year includes a small 
number of grafts. With 80% autogenous fistulas and 20% grafts, 
we have seen fewer outflow problems. 

In patients presenting to the dialysis unit, we have observed 
adequate veins in the forearm, and it has been possible to convert 
the grafts to autogenous fistulas with beneficial results. Putting 
the graft further up the arm is good if it is kept in the superficial 
venous system; however, we have seen patients from other insti- 
tutions with venous access problems in the axillary and brachial 
veins that have resulted in painful swelling of the forearm. In 
these patients, we have converted the graft up to the cephalic vein 
at the shoulder, abating the swelling problem. 

Joun E. Connouty, MD, Irvine, Calif: A week ago, I placed a 
PTFE graft in a patient undergoing long-term hemodialysis and 
a double-lumen subclavian catheter in a patient undergoing short- 
term dialysis at the same time. Yesterday, the renal physician 
informed me that the patient had just inadvertently pulled out his 
subclavian catheter. Can I use the subcutaneous PTFE graft now 
for hemodialysis? How many days after insertion is the earliest 
you can use it? What, if any, experience have you had with the 
Hemosite-button-upper-arm dialysis access? We still have some 
patients who demand this access. 

Is there any justification for placing a Brescia-Cimino shunt in 
the opposite arm when you are placing a PTFE AV graft because 
you urgently need a dialysis access and cannot wait for the 
ultimate maturing of the Brescia-Cimino shunt? 

Dr BELL: Dr Thomas, I found the diffuser concept very inter- 
esting. I was not really aware of it before. I do not think that we 
could utilize that with our forearm grafts because the antecubital 
veins are small. At the time of graft thrombectomy, these veins 
have enlarged, and I know you are aware of this. Having a patent 
graft in a forearm for a while leads to both arterial and vein 
dilatation. During secondary thrombectomy, putting the patch in 
place probably is introducing a diffuser type of concept. 

Dr McConnell, we do not observe these grafts on a regular 
basis. We do not perform routine angiography or duplex scans, 
but we do visit the dialysis units and talk to the dialysis technicians 
and nurses. We request that they inform us in advance if the 
venous resistance is increasing in the graft or if they are having 
more difficulty with prolonged bleeding from the needle sites so 
that we can perform preoperative angiography before the graft 
occludes. 

We are in the process of obtaining an angioscope to evaluate 
these conduits intraoperatively. There is bound to be some retained 
debris, and perhaps using this scope or intraoperative angiography 
would aid in its removal. | 

Dr Ozeran, we often leave a veno-veno catheter in while our 
graft is maturing or incorporating. I have not had enough nerve 
to use these grafts immediately following their placement, as 
others have done. We like to place these in the deeper subeutaneous 
tissue. In this position, we would have a problem with tunnel 
hematoma formation if used too early. We wait four or five days 
prior to usage. 

Dr Dainko, I concur with your observation that the autogenous 
is best. We just have not had any luck, especially in small women 
and diabetics, in constructing Brescia-Cimino fistulas when there 
are no apparent and visible superficial veins in their forearms. 
The AV graft is certainly not our first choice if there is a reasonable 
chance to obtain a good AV fistula. 

Dr Connolly, we have not had any experience with the Hemosite 
button. I have been very fearful of going back to any type of device 
that has external exposure. 

With a new Brescia-Cimino fistula in one arm, we would not put 
an AV graft in the other arm. We would usually use a subclavian 
veno-veno catheter for several weeks while waiting for the Brescia- 
Cimino fistula to mature in the other arm. 
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Hematuria Following Blunt Abdominal Trauma 


The Utility of Intravenous Pyelography 


Stanley Klein, MD; Stephen Johs, MD; Roy Fujitani, MD; David State, MD 


* To clarify the indications for intravenous pyelography 
(IVP) and nephrotomography (NT) in the evaluation of patients 
with hematuria following blunt thoracoabdominal trauma, we 
performed a retrospective analysis of patients admitted during 
8 one-year period who had undergone IVP and NT for sus- 
pected renal injury. One hundred thirty-four patients were 
reviewed, and the findings of IVP and NT correlated with the 
magnitude of hematuria on urinalysis, associated injuries, 
management, and outcome. Sixty-two (46%) of 134 patients 
had fewer than ten red blood cells per high-power field (RBCs/ 
HPF) on urinalysis (group 1), 19 (14%) of 134 patients had 10 
to 30 RBCs/HPF (group 2), and 53 (40%) of 134 patients had 
greater than 30 RBCS/HPF (group 3). Twenty-seven patients 
had renal injuries detected by IVP and NT, two in group 2 and 
25 in group 3. We conclude that IVP and NT should be reserved 
for patients with greater than 30 RBCs/HPF on admission 
urinalysis. 

(Arch Surg 1988;123:1173-1177) 


Ces erable controversy exists regarding the indica- 
tions for emergent radiographic evaluation of hema- 
turia in patients sustaining blunt trauma. Intravenous 
pyelography (IVP) combined with nephrotomography 
(NT) and more recently computed tomography (CT), 
provide the clinician with an accurate and detailed assess- 
ment of upper genitourinary tract injuries. These tests, 
however, are time-consuming and generally require the 
patient to leave the trauma resuscitation area. Several 
authors have recommended a selective approach to the 
roentgenographic evaluation of traumatic hematuria based 
on the large number of studies yielding normal results 
performed in their institutions.» Others feel that all 
patients with any possibility of renal damage, with or 
without hematuria, should undergo IVP to exclude renal 
injuries requiring surgical intervention and identify paren- 
chymal injuries appropriate for serial scans.* 

To clarify this discrepancy, we performed a retrospective 
analysis of patients who underwent IVP and NT following 
blunt trauma to define those criteria that would lead to the 
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identification of all significant renal injuries while mini- 
mizing the number of unnecessary studies. 


PATIENTS AND METHODS 


The records were analyzed of 134 patients admitted to the 
Harbor-UCLA Medical Center during a one-year period ending 
November 1985 and subjected to IVP and NT for evaluation of 
hematuria following blunt trauma. During the study period, IVP 
and NT were performed if there were any degree of hematuria or 
a suspicious mechanism for pedicle injury, or before exploratory 
laparotomy for other indications. 

From examination of the medical and radiology records, the 
patient profiles, including cause of blunt trauma, associated 
injuries, findings of contrast genitourinary tract investigations or 
surgical intervention, clinical course, and ultimate outcome of 
patients with a renal injury, were obtained. These factors were 
correlated to the degree of microscopic hematuria, if any, that was 
present. 

Urinalyses were performed by the admitting house staff and 
recorded in the chart. Analysis consisted of collecting urine either 
spontaneously voided or by catheterization from patients in the 
emergency department. Color-coded dipsticks (cumene hydroper- 
oxide-orthotolidine reaction, Miles Laboratories, West Haven, 
Conn) were used to verify the presence of heme. Ten milliliters 
of urine was centrifuged for three to five minutes and the 
supernatant discarded. The sediment was examined under the 


X 40 objective, and the number of red blood cells per high-power | 


field (RBCs/HPF) were counted and averaged for three fields. 

Patients were divided into three groups based on the quantita- 
tion of their hematuria. Group 1 was defined as all patients with 
a urinalysis revealing fewer than 10 RBCs/HPF. Group 2 consisted 
of all patients with 10 to 30 RBCs/HPF on urinalysis. Group 3 
patients’ urinalyses demonstrated 30 to 50 RBCs/HPF Or gross 
hematuria. 

All patients in hemodynamically stable condition underwent 
evaluation in the radiology department following resuscitation. 
Urethrography and cystography were performed first on any 
patient found to have blood at the urethral meatus or suspected of 
having a bladder injury; IVP and NT were performed using the 
standard drip infusion technique.’ The upper urinary tract was 
visualized following injection of 1.0 mL/kg of diatrizoate meglu- 
mine-diatrizoate sodium (Renograffin-60, Squibb Diagnostics, 
Princeton, NJ). Films were taken at 9, 10, and 15 minutes. 
Nephrotomography was performed at 1-cm intervals. Studies were 
performed and interpretations reviewed by the senior radiology 
resident under the supervision of the faculty radiologist. Normal 
IVP and NT findings included only those that demonstrated 
prompt symmetrical excretion of contrast, accurate delineation of 
calyces, and renal margins without extravasation. The categories 
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of renal injuries were contusion, major parenchymal insult, and 
pedicle disruption, as defined by Cass.* (Statistical analysis was 
done by x? analysis; P<.05 was considered statistically signifi- 
cant.) 


RESULTS 


The study population included 97 (72%) male and 37 
(28%) female subjects, with a mean age of 28.7 years 
(range, 16 to 79 years) Among these 134 patients there 
were no deaths due to associated injuries or serious 
complications from IVP and NT. The cause of blunt abdom- 
inal injury as a function of quantity of hematuria (by group) 
is listed in Table 1. The majority, 93 (7390) of 134, were 
involved in a motor vehicle accident, while 15 (1196) of 134 
sustained a major fall and 20 (15%) of 134 were assaulted. 

Twenty-seven patients (20%) of 134 had abnormal IVP 
and NT findings. Stratification of abnormal IVP and NT 
results as a function of quantity of hematuria is displayed 
in Table 2. No group 1 patient and only two group 2 patients 
were found to have renal injuries on IVP and NT. Both 
group 2 patients with renal injuries had contusions that 
were managed nonoperatively. Twenty-five patients in 
group 3 had renal injuries detected (P<.001). Seventeen 
of these injuries were contusions, three were major paren- 
chymal injuries, and five were bladder ruptures. In addi- 
tion, anatomic anomalies were identified in three patients. 
Two patients were noted to have a horseshoe kidney, and 
one patient was found to have a crossed ectopia with both 
kidneys lying to the right of the midline. 

The use of bladder catheterization before urinalysis was 
tabulated and correlated to the presence of renal injuries 
(Table 3). Of 25 patients in group 3 with renal injuries, 13 
had been catheterized and 12 had not. 

The magnitude of hematuria and the incidence of renal 
injury increased with the number of associated injuries 
(Table 4) Severe blunt chest trauma with findings of 
pulmonary contusion, pneumothorax/hemothorax, or rib 
fractures was present in 22 (78%) of 28 patients with renal 
injuries. 

Thirty-one of the 134 patients underwent surgical pro- 
cedures. Eight patients required laparotomy for associated 
injuries of whom three in group 3 needed repair of intra- 
peritoneal bladder ruptures. Three additional patients in 
group 3 underwent splenectomy/splenorrhaphy, two of 
whom were noted to have major renal parenchymal frac- 
tures on preoperative IVP and NT. In both instances a 
large nonexpanding lateral retroperitoneal hematoma was 
found but not explored. Finally, two laparotomies in pa- 
tients with normal results of preoperative IVP and NT 
confirmed the absence of a renal injury. 

The outcome of 24 patients with renal injuries identified 
on IVP and NT managed nonoperatively was favorable. No 
immediate or delayed nephrectomies were performed. 
Patients with major renal contusions were confined to bed 
rest for five to seven days. Admission and follow-up creat- 






















Group 1 0-10 
Group 2 10-30 


Group 3 30-50 
(gross) 


62 (46) 
19 (14) 
53 (40) 17 








+See “Patients and Methods" section for explanation of groups. 
+RBCs/HPF indicates red blood cells per high-power field. 
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Table 2.—Renal Injuries by Group* 


Urinalysis Total 
Results, No. (96) Renal 
RBCs/HPFt of Patients Contusions 
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inine levels were available for 26 of 27 patients with renal 
injuries. Admission creatinine levels averaged 90 p. mol/L,, 
and at the time of discharge averaged 120 pmol/L. 


COMMENT 


The detection of hematuria following blunt trauma is 
common. The origin of such bleeding can be from either 
upper or lower genitourinary tract injury. The alleged 
incongruity between the amount of hematuria and presence 
of significant injury has prompted the recommendation 
that IVP and NT be performed as protocol following blunt 
injury.*' More recently, several large series of patients 
subjected to IVP and NT as part of an evaluation for 
multiple trauma in which hematuria was detected failed to 
document the management impact of routine application 
of this diagnostic modality. '^*? 

Guice et al? reviewed 156 patients undergoing IVP for 
hematuria following blunt trauma. Only 13 patients had 
abnormal findings, and subsequent management was al- 
tered in only six patients. Guice et al recommended rapid 
limited IVP for patients with gross hematuria or flank 
injuries.? Fortune et al' reported a 91% normal IVP rate in 
216 patients sustaining blunt trauma of the abdomen with 
hematuria. Peterson and Schulze,’ in an extensive personal 
experience, demonstrated that simultaneous upper and 
lower urinary tract injuries are exceedingly rare (0.5%) in 
blunt trauma victims. They recommended selective evalu- 
ation in patients with significant findings on initial studies, 
such as those found to have bladder perforations on cystog- 
raphy. Nieolaisen and associates" prospectively studied 
306 consecutive patients with renal injury secondary to 
blunt trauma using both IVP and CT. Patients with 
hematuria, microscopic or gross, not associated with shock 
at presentation, were found to have no renal injury worse 
than contusion (221 patients) They recommended radio- 
graphic evaluation for patients with hematuria presenting 
in shock or with penetrating injuries. 

Besides being time-consuming and not cost-effective, 
the indiscriminate application of IVP and NT to all patients 
with blunt trauma presenting with hematuria has the 
additional concerns of radiation exposure (2000 to 
3000 mrem per study), contrast-related complications, and 


Table 1.—Mechanism of Injury in 134 Patients* 


No. (%) of Patients by Type of Accident 
Motor 
Total Vehicle Motorcycle Pedestrian Fall Assault 
Group 1 62 (46) 36 8 3 5 10 
Group 2 19 (14) 11 5 0 1 2 
Group 3 53 (40) 9 16 11 9 8 
Total 134 (100) 56 (42) 29 (22) 14 (10) 15 (11) 20 (15) 





*See “Patients and Methods” section for explanation of groups. 











No. of Renal Injuries by Type 
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25/53 
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poorly monitored but vulnerable patients.? To obviate 
these concerns, we retrospectively stratified our patients 
on the basis of initial urinalysis results so as to identify 
those patients who required surgical intervention and those 
who had major parenchymal disruption. 

If IVP and NT had been performed exclusively on group 
3 patients, only two renal contusions would have been 
missed, patient management would not have been im- 
pacted, and subsequent outcome would have been unaltered 
in any patient in this series. Our results would indicate, 
contrary to others, that the severity of the renal injury 
does parallel the magnitude of hematuria, although we 
recognize that exceptions do occur. 

No renal pedicle injuries were seen in this group of 
patients, all of whom underwent IVP and NT. This injury 
is the reason cited by many as the main reason for 
performing mandatory IVP in all trauma patients.**:« 
Operative intervention for urologic injury was performed 
in three patients, all of whom had intraperitoneal bladder 


Table 3.—Effect of Bladder Catheterization 


No. of Patients* 
———————————— 

Foley Catheter No Foley Catheter 
————— 












Normal 
IVP 


Abnormal Normal 
IVP IVP 


Abnormal 
IVP 








Group 1 
(0-10 RBCs/HPF) 
(n=62) 


Group 2 
(10-30 RBCs/HPF) 
(n=19) 
Group 3 
(30-50 RBCs/HPF, 
gross hematuria) 
(n= 53) 13/53 10/53 12/53 17/53 


*IVP indicates intravenous pyelography; RBCs/HPF, red blood cells per 
high-power field. 
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No Further Evaluation Unless Indicated 





Hemodynamic Status 


Repeated Urinalysis (4 h) 
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perforations. Major renal parenchymal injuries noted on 
IVP and NT of two patients who underwent exploration 
for associated injuries were not explored at time of lapo- 
rotomy. Subsequent outcome in the remainder of the 
patients was not particularly influenced by IVP and NT, 
although defining the injury is important if appropriate 
management is to be employed." Associated spinal, rib, 
and chest injuries correlated with the presence of renal 
injury on IVP and NT and should alert the clinician to the 
possibility of renal injury regardless of the urinalysis 
results. 914.15 

Many patients who sustain blunt thoracoabdominal 
trauma are evaluated in part by CT. Application of this 
modality in the evaluation of traumatic renal injury has 
been reported but not correlated with the presence of 
hematuria.'* Of particular note is the ability of the CT scan 
to identify concommitant solid-organ injury and the high 
reliability in distinguishing isolated renal pedicle interrup- 
tion without the need of an arteriogram." Whether this 
will impact the notorious renal salvage rate in this setting 
is unknown. 

Our results have led us to conclude that microscopic 
hematuria alone is not an indication for IVP and NT in the 
evaluation of blunt trauma victims. Second, patients with- 
out penetrating or significant associated injuries and less 
than 30 RBCs/HPF on initial urinalysis can be safely 
managed without formal IVP during the acute phase of 
resuscitation. 

Our current approach to the evaluation of genitourinary 
tract injury in the blunt trauma victim is shown in the 
Figure. Patients with blunt thoracoabdominal trauma who 
are hypotensive and unstable on arrival to the hospital 
should undergo rapid resuscitation followed by surgical 
control of hemorrhage as indicated. Simple or “one-shot” 
IVP, ie, injection of 1.0 mL/kg of diatrizoate meglumine- 
diatrizoate sodium with resuscitation fluids, followed by 
film taking five to ten minutes later, can be performed in 
the emergency room or the operating room and can dem- 


Stable 


>30 RBCs/HPF 


or Gross 


Flank Hematoma 








Associated Injury Spine Fracture 
Posterior 
Rib Fracture 


LN 


Decleration 









IVP + NT or CT + Cystogram/Urethrogram 


Algorithm for diagnostic approach to blunt genitourinary tract trauma. RBCs/HPF indicates red blood cells per high- 


power field; IVP, intravenous pyelography; NT, nephrotomography; and CT, computed tomography. 
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Table 4.—Associated Injuries by Group* 


No. of Injuries by Group 


—_————$_——  ———  —————— —————  — 0.0€0O©— 













Group 1 Group 2 Group 3 
E —————————À eS E xr ro 
Abnormal Normal Abnormal Normal Abnormal Normal 
IVP (n=0) IVP (n=62) IVP (n=2) IVP (n=17) IVP (n=25) IVP (n=28) 
Skull fractures a 4 ie 4 5 5 









Epidural subdural 
hematomas 


Spine fractures 
Rib fractures 


Pulmonary 
contusions 





onstrate the presence or absence of bilateral renal function. 
Stable patients who present with meatal blood should 
undergo urethrography and cystography, particularly if 
they have associated pelvic fractures. This should be 
followed by IVP if results of the initial study were normal 
or if the patient has significant associated injuries. All 
patients in stable condition with less than 30 RBCs/HPF 
on initial urinalysis should be observed or closely followed 
up. All patients with gross hematuria or greater than 30 
RBCs/HPF should undergo IVP and NT if CT of the 
abdomen is not to be performed for some other reason. 
Patients with unilateral or bilateral nonvisualization on 
IVP and NT should undergo arteriography and/or surgical 
exploration. 


Pneumothoraces/ 
hemothoraces 1 


Upper-extremity 
fractures xd 
Lower-extremity 
fractures Saks 1 
Pelvic fractures i 
Splenic ruptures P ds 


*IVP indicates intravenous pyelography. See "Patients and Methods" section for explanation of groups. 
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The use of these guidelines can minimize the overuse of 
a valuable roentgenographic study, while at the same time 
saving hospital costs. 

In our institution during the one-year study period, 
using this protocol, the number of studies performed 
unnecessarily would have been 81 (60%) of 134. At a cost 
of $350 per study, $28000 could have been saved by 
employing the selective use of IVP and NT without missing 
an injury. At a national level, the cost savings could amount 
to $30 million or more. More importantly, the patients 
would not have been exposed to the significant risks of a 
procedure of such low yield, nor would they have spent 
such a significant amount of time in a potentially unsuper- 
vised part of the hospital. 
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Discussion 


Rozert C. Lim, Jr, MD, San Francisco: The Trauma Service 
and the Urology Department of San Francisco General Hospital 
have always been interested in this problem. Jack MeAninch, MD, 
has, in the past ten years, been tabulating prospectively renal 
trauma cases there and has concluded that IVP or any radiographic 
examination specifically directed at studying the kidney is only 
indicated in patients who have (1) gross hematuria, (2) microscopic 
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hematuria and are in shock after blunt trauma, or (3) penetrating 
trauma with gross or microscopic hematuria. 

Over the past ten years, we have had only seven patients with 
significant renal injury of 1671 patients with microscopic hema- 
turia who did not experience shock. We initially missed only one 
renal injury for an incidence of 0.05%. One of the major pitfalls in 
evaluating patients with microscopic hematuria (or no hematuria) 
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is that of renal pedicle injury. The authors did not have any patient 
with specific renal pedicle injury. This injury is unusual, but it 
does exist. I recently operated on a young woman who sustained 
blunt trauma to her left flank in a boating accident. She presented 
to our emergency room in stable condition and with normal 
urinalysis results. A CT scan was done to evaluate her abdominal 
trauma, and a splenic injury was found. Further down on the CT 
scan, the left kidney was found to be nonfunctional and the renal 
vein intact. 

A splenectomy was done because of multiple lacerations extend- 
ing into the hilar area, and we found a renal artery thrombosis. 
Despite vascular reconstruction, the kidney remained infarcted 
and was removed. 

Thus, a word of caution: No hematuria does not always mean no 
renal injury. Computed tomographic scan in evaluation of blunt 
abdominal trauma would include the evaluation of the kidney. This 
is an added bit of information that one gets. In our institution we 
have relied more on the CT scan than IVP in studying such 
patients; IVP is done when we suspect renal trauma and for one 
reason or another CT is not done. We then use IVP in all patients 
with penetrating injuries with gross hematuria or microhematuria 
and in patients with blunt trauma who have gross hematuria or 
microhematuria and were in shock on admission. 

We agree that routine IVP is not always necessary to evaluate 
the patient with microscopic hematuria. We believe, however, that 
the presence of shock on admission is an important factor in 
whether the patient should be studied. I ask if the authors can 
tell us what percentage of their patients in each of the groups had 
an admission blood pressure of less than 90 mm Hg or were in 
shock. I could not find these data in their report. 

WiLLagD E. Goopwin, MD, Los Angeles: This is a very 
important report, and the observations are accurate. As a urolo- 
gist, I wish to add a few cautions to this. 

Before you decide to take a trauma patient to the operating 
room, be sure to perform IVP. Nothing is worse than opening an 
abdomen and seeing something going on behind the peritoneum 
without knowing whether there are two functioning kidneys. 

Almost every patient gets a simple roentgenographic examina- 
tion of the kidneys, ureter, and bladder, and it does not have to be 
a formal half-hour IVP. Just give a single shot, as the authors 
mentioned, so you know that there are two kidneys and that they 
function. 

With hematuria, almost everyone who comes into the emergency 
room gets catheterized, and that is fine. The thing I emphasize is 
that once a catheter is in, leave it in. It can be taken out at any 
time, but sometimes the second attempt to put it in is impossible. 

KENNETH Waxman, MD, Irvine, Calif: There are both benefits 
and risks to IVP following blunt trauma in patients with hematu- 
ria. The benefits have perhaps not received sufficient attention in 
this discussion. 

In this series, there was about a 20% to 30% incidence of renal 
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abnormalities when IVP was done, including not only traumatic 
injuries but also underlying renal pathologie features, including 
tumors. It is possible to pick up early and treatable lesions by 
performing IVP. 

The risks of IVP are highest if done very soon after trauma, 
when patients may be incompletely resuscitated. These risks 
include worsening of renal function and delay in definitive therapy, 
be that transfer of the patient to the intensive care unit or to the 
operating room. Should an emergency IVP be done? The argument 
for emergency IVP is to discover possible renal pedicle injuries; 
there were no such injuries in this series. In fact, the incidence is 
probably far less than 1%, and most occur in patients who have 
other indications for laparotomy. Also, early discovery of these 
injuries may not result in renal salvage. More than 100 emergency 
IVPs would have to be done for each patient with a renal injury 
for which emergency diagnosis is essential. We do IVPs for 
patients with microscopic hematuria, but we do not necessarily 
perform them urgently; IVPs are done at a time during their 
hospital course when a patient's condition is stable. 

The authors found that renal abnormalities only occurred in 
patients who had more than 30 RBCs/HPF in the urinary sedi- 
ment. A number of studies in the literature have found abnormal- 
ities, including significant injuries, in patients with fewer than 30 
RBCSs/HPF. The authors’ observations must therefore be evaluated 
with some caution. 

What are the indications for retrograde cystoscopy? The only 
operative urologic injuries they have reported have been bladder 
perforations. A strong argument could be made that an emergency 
urologic evaluation done following trauma should be a retrograde 
cystography and not IVP. Regarding the use of sequential uri- 
nalyses to make decisions regarding performing IVP, have the 
authors, in fact, correlated the rate of clearing on urinalysis with 
the incidence of genitourinary tract injury? 

Dr Strate: Dr Lim, none of our patients were in shock; hence, 
they cannot be compared with the patients in your excellent study 
who were in shock and who obviously were treated in a different 
fashion. 

We hope to review our data and to institute our algorithm, 
which will consider not only patients whose conditions are stable 
but also those who are in shock to determine if there are significant 
differences that will pertain to their therapy. 

Dr Goodwin, your remarks about performing IVP before going 
to the operating room strike a very familiar note to all of us who 
have opened the abdomen not really knowing whether there are 
two kidneys and promising ourselves we would never do that 
again. As to leaving the catheter in, I agree with you wholeheart- 
edly. 

Dr Waxman, our indications for retrograde cystoscopy are two, 
namely, pelvic fractures and gross meatal blood. I cannot give you 
any information as to the rate of clearing of blood from the urinary 
tract following injury. 
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Obituaries 


Charles Sheldon Judd, Jr, MD, 1920-1987 


A thoroughly unique individual; a great 
grandson of the first missionary doctor to 
the Hawaiian Islands; a lifelong student of 
surgery and its history; a warm, caring, 
and theroughly knowledgeable surgeon; a 
beloved teacher, Dr Charles S. Judd, Jr, 
left an indelible imprint on the face of 
surgical care in Hawaii and the Pacific 
Islands. 

On July 23, 1987, “Charlie” Judd died at 
The Queen's Medical Center, after a short 
two-month illness. He was one of three 
physician members of the Board of Trus- 
tees of that institution. 

Dr Judd was born in Honolulu on Dec 29, 
1920, to a family that had settled in Hawaii 
as far back as 1828 when his great grand- 
father, Dr Gerritt P. Judd, became the first 
missionary doctor to Hawaii and later be- 
came advisor to the kings of Hawaii as 
prime minister and secretary of state. 

Charlie’s early education was spent at 
Punahou School, a famous private school 
founded by the missionaries in Honolulu. 
It was natural that he would matriculate at 
Yale University since his ancestors came 
from Connecticut. Following college, he 
pursued his medical studies at the Yale 
School of Medicine. When he arrived at 
medical school in the spring of 1943 he, 
with most of the class, entered military 
service, serving as a private first class, 
while remaining in medical school. In the 
spring of 1946, he obtained his MD degree 
and served his internship at The Queens 
Medical Center in Honolulu in 1946-1947, 
followed, from 1948-1950, by active duty 
with the US Army in the Pacific. Following 
Army service he returned to The Queen's 
Hospital to complete his surgical residency 
from 1950 to 1953. In 1953 he moved to 
Vanderbilt University Medical Center to 
complete a postgraduate year of pathology. 

Having completed his formal training in 
surgery, Charlie returned to Honolulu in 
1954 to pursue private group practice. In 
1955, he was certified by the American 
Board of Surgery. 

Dr Judd's practice was at some variance 
with established custom for a young aspir- 
ing surgeon. His interests were too univer- 
sal to be “fenced in" by a clinical practice. 
He volunteered his time at Kalaupapa, the 
Hawaiian leper colony. He visited Great 
Britain and Europe occasionally in search 
of facets of medical history. In 1960, he 
spent five months in Kyoto, Japan, teaching 
medical students and a medical social 
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worker in his home in the evenings, as well 
as teaching in the American cultural center 
and a Japanese youth hostel. He also 
founded a family comprehensive clinic in a 
low-income, immigrant district in Honolulu 
where he organized free care for these 
people and personally worked there every 
Wednesday afternoon. 

In 1965, Charlie, accompanied by his 
wife, Mary, and their three children, took 
a four-year leave from practice to become 
the only surgeon in Apia, Western Samoa, 
until 1969. His accomplishments there are 
still remembered and appreciated by the 
Samoan community. Then, to nourish an- 
other of his many interests, he and his 
family were at the University of California, 
San Francisco, from 1969 to 1970, where 
he earned a master’s degree in medical 
history. He returned to Honolulu in 1970, 
shortly after the establishment of the new 
University of Hawaii School of Medicine 
where he was appointed professor of sur- 
gery, vice chairman of the Department of 
Surgery of the new medical school, and its 
first chairman of medical history. 

Charlie Judd hiked through all of the 
Hawaiian Islands and Tahiti. He was host 
at his summer home to medical students, 
residents, and faculty on numerous occa- 
sions. He was chosen by the medical stu- 
dents to be their graduation speaker on 
one occasion and every year to administer 
the Hippocratic Oath to them. 

His membership in the Pacific Coast 
Surgical Association began in 1981, and in 
1986 he was the general arrangements 
chairman for the Maui meeting. He never 
missed a meeting and cherished his mem- 
bership in this organization. He also was a 
governor of the American College of Sur- 
geons from 1980 to 1986. His interest in 
medical history was nourished by his mem- 
bership in the American Osler Society and 
the American Association for the History 
of Medicine, and his interest in third-world 
medicine by his membership in the Inter- 
national Society of Surgery. 

Dr Judd is survived by his wife, Mary, 
and his three children. 

A memorial service conducted at Central 
Union Church in Honolulu was attended 
by approximately 1000 people, the largest 
such gathering in recent memory. The at- 
tendees came from all the Hawaiian Islands 
and from Western Samoa and consisted of 
students, patients, family, and his many 
devoted friends. The delegation from West- 
ern Samoa made presentations from the 
king of Western Samoa in honor of his many 





Charles Sheldon Judd, Jr, MD 


contributions of these people. There had 
been only two such presentations made to 
individuals outside Western Samoa in the 
past 150 years: the first to Robert Louis 
Stevenson and the second to Dr Charles S. 
Judd, Jr. 

Charlie Judd was a giant among men. He 
was more than a good physician; he was a 
thoroughly good person. 

Tuomas J. WHELAN, JR, MD 


Joseph A. Weinberg, MSc, MD, 
1894-1987 


Joseph Weinberg graduated from 
Creighton University School of Medicine, 
Omaha, in 1919. He became professor of 
surgical anatomy at his alma mater, during 
which time he did the original sky blue dye 
studies on the lymphatic drainage of the 
thorax. During World War II he was as- 
signed to the Army Medical Corps and saw 
service as a major in Iran where he suffered 
severe chest and kidney injuries when his 
troop train was blown up during a strafing 
attack. After recovering his health, he was 
assigned to the Army’s Birmingham Gen- 
eral Hospital, Van Nuys, Calif, as chief of 
surgical services. After cessation of World 
War II hostilities, the hospital became the 
VA Hospital of Van Nuys, where he re- 
mained chief of surgery. 

In July 1950, the Birmingham General 
Hospital (VA) moved to Long Beach, Calif, 
to take over the Long Beach Naval Hospi- 
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tal, which was phased out after the war 
needs ended and was renamed Long Beach 
VA Hospital where Dr Weinberg retained 
his position as chief of surgical services 
until his retirement in 1963. It was here 
that he became world famous for his devel- 
opment of the vagotomy and pyloroplasty 
for duodenal ulcer disease. He also 
achieved universal acclaim for *Joe's hoe," 
the retractor he designed to make the 
esophageal hiatus more easily exposed for 
the truncal vagotomy. Dr Weinberg is also 
recognized as the first to totally excise a 
tuberculous psoas abscess. He trained over 
200 surgical residents, many of whom 
achieved local, state, and national recog- 
nition. He was a member of the American 
College of Surgeons, as well as many pres- 
tigious surgical societies. Dr Weinberg was 
author of many scientific articles, but was 
known mainly for his work promoting va- 
gotomy and pyloroplasty for ulcer disease. 
He knew many surgeons in the surgical 
hierarchy both here and abroad, many of 
whom were his friends. His personal life 
was exemplary and devoted to his wife, 
Ruth, who preceded his demise by one 
month. They both were avid *moviegoers" 
and enjoyed the performing arts and stage 
plays. They leave no children, only close 
relatives. 

GEORGE L. JULER 


Clarence John Berne, MD, 1904-1987 


Clarence J. Berne died in Los Angeles 
on Dec 22, 1987, at the age of 83 years. 

A revered member of the Pacific Coast 
Surgical Association since 1946, Dr Berne 
served as its recorder from 1947 to 1957 
and president in 1959. 

A diplomate of the American Board of 
Surgery and a fellow of the American Col- 
lege of Surgeons, he also enjoyed member- 
ship in a number of regional as well as 
nationally prominent surgical societies, in- 
cluding the American Surgical Association 
of which he served as vice-president in 
1975, the Western Surgical Association, 
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and the International Society of Surgery. 

Clarence Berne was born in Hartley, 
Iowa, on March 6, 1904, and was educated 
at the University of Iowa (BS in 1925 and 
MD in 1927). His scholastic achievements 
were recognized by election to Alpha 
Omega Alpha and Sigma Xi. In 1962, he 
received the Outstanding Alumnus Award 
ofthe University of Iowa School of Medicine 
and the University of Iowa Award of Dis- 
tinction. 

On completing his training in 1932, he 
accompanied his chief, the late Dr Charles 
J. Rowan, to Los Angeles, where Dr Rowan 
had been appointed head of the Depart- 
ment of Surgery at the University of 
Southern California. In 1939, Dr Berne 
succeeded Dr Rowan in that position, which 
he held until 1969 when he became emeri- 
tus professor of surgery. His continuous 
tenure as the head of the Department of 
Surgery was one of the longest in this 
country and afforded him the opportunity 
to train more surgical residents than most 
other professors of surgery in the United 
States. Dr Berne truly loved hospitals— 
their patients, the personnel, the entire 
ambience—and, not least, the libraries! 

During World War II, Dr Berne served 
as lieutenant colonel, MC, AUS, and as 
chief of surgery of the 73rd Evacuation 
Hospital in the China-Burma-India Thea- 
ter from January 1943 to July 1945. The 
73rd Evacuation Hospital was an affiliated 
unit of the Los Angeles County Hospital 
and was created in 1940 with Dr Berne as 
one of the organizers. When the unit was 
activated in 1942, the dean of the medical 
school and president of the university in- 
sisted that Dr Berne remain at the medical 
school in view of the paucity of faculty 
members at that time and especially be- 
cause of his essential role as a member of 
the executive committee of the medical 
school. Repeated entreaties and finally al- 
most an ultimatum by Dr Berne persuaded 
the school’s administration to allow him to 
join his unit. This proved to be of tremen- 
dous and lasting importance to him. He 
demonstrated overseas the outstanding 
qualities of leadership so characteristic of 
him in civilian life and was awarded the 
Bronze Star in 1944. 


He is survived by his wife of almost 60 
years, Esther Van Cleave Berne; two sons, 
John and Tom (the latter also a member of 
the Pacific Coast Surgical Association); 
their wives and five grandchildren; and a 
sister, Mary Wilshire, all residing in south- 
ern California. 

Even as a young man, "Tom" Berne 
became a treasured nestor and mentor to 
all who worked with him. He was a quiet 
and reserved person, basically shy, with 
many virtues not widely known because of 
his basic humility He was at all times 
composed and unruffled with the unique 
ability to concentrate and eliminate dis- 
traetions, even under the most stressful 
circumstances. His self-control and judi- 
cious decisions, in and out of the operating 
room, were his hallmarks. Above all, his 
concepts and precepts of surgery and its 
practice became lifetime guidelines to all 
who worked with him. As I noted in a 
Festschrift to Dr Berne in 1966, he bred 
apostles rather than disciples! The prin- 
ciples and desiderata that he taught and 
practiced—and which justify the designa- 
tion of medicine as a noble profession—are 
his heritage to us. They should not be 
forsaken! 

LEONARD Rosorr, Sr, MD 


William J. Norris, MD, 1893-1987 


Ninety-four years on our planet is quite 
a feat, especially when over 45 of these 
years were spent in the practice of general 
and pediatric surgery. Such was the life of 
Dr William Norris. Through all these years 
his staunch devotion to his family perme- 
ated whatever he did. He had two charming 
daughters, Nancy and Virginia; nine grand- 
children; 12 great grandchildren: and one 
great, great grandchild. 

Dr Norris was born and spent his early 
years in Prescott, Ariz. He attended college 
at Yale where he received his bachelor's 
degree. The Columbia College of Physi- 
cians and Surgeons awarded him his MD 
degree, and he received his postgraduate 
training in surgery at St Luke's Hospital 
in New York City, which was affiliated with 
Columbia. He was stationed at St Luke's 
during the American portion of World 
War I. 

In the early 1920s Dr Norris began his 
surgical practice in Los Angeles as an 
associate of Dr A. Stewart Lobinger, one 
ofthe founders of the Pacific Coast Surgical 
Association. Dr Norris served as president 
of this outstanding organization in 1956. 
As the years rolled on and he became a 
highly recognized, established surgeon, he 
developed a keen interest in the founding 
of the new medical school at the University 
of California at Los Angeles. He was one 
of the first privately practicing surgeons to 
be appointed as a clinical professor of sur- 
gery by Dr William P. Longmire, the first 
chairman of the Department of Surgery at 
UCLA School of Medicine. 

On completing my general surgical resi- 
dency in 1947, I was fortunate in being 
invited to join Dr Norris as the youngest 
of two associates. Our group was active in 
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both adult and pediatric general surgery. 
Dr Norris was an excellent surgeon; work- 
ing with him, especially at Los Angeles 
Childrens Hospital, where he was respon- 
sible for all clinic surgery for four months 
each year, was highly instructive. 

The qualities that Dr Norris embodied 
were reflected in both his 19th and 20th 
century heritage. One might say he com- 
bined the excellence of 20th century medi- 
cine with a bit of a country doctor thrown 
in from another era. He was a stickler for 
quality of performance, and that sometimes 
got in the way of tact. There was a certain 
basic formality about his style. Only those 
of his own age or older ever called him 
“Bill.” 

Dr Norris was always loyal and steadfast 
in the treatment of his patients, who many 
times became staunch friends. To him there 
was no compromise; the patient always 
came first, whether he or she was under 8 
hours or over 80 years of age. One of the 
great many things I learned at his prover- 
bial knee was to honor and to relieve the 
pain of the gravely ill, especially the eld- 
erly, when the only end of their illness was 
death. Dr Norris’ compassion was reflected 
always in his treatment and his caring, of 
which even the sickest patients were aware. 

DoNarp F. Brayton, MD 


William Lester Rogers, MD, 1902-1987 


Dr William Lester Rogers died at the 
age of 85 years on Nov 13, 1987, in Monte- 
rey, Calif. He died of complications from 
injuries sustained in an automobile acci- 
dent in September 1987. 

He was born in Ventura, Calif, in 1902, 
and grew up in Hayward, Calif. He at- 
tended Stanford University and received 


1180 Arch Surg—Vol 123, Sept 1988 





William Lester Rogers, MD 


his MD degree in 1926. While a student at 
Stanford University, Dr Rogers became a 
member of the Olympic rugby team that 
defeated France in Paris in the finals to 
win the gold medal in 1924. 

After his internship in 1926, Dr Rogers 
traveled in Europe, learning their methods 
in the surgical treatment of tuberculosis. 
He trained at the University of Hamburg 
and the University of Vienna. When he 
returned in 1929, he became associated 
with Dr Leo Eloesser. This surgical team 
developed new surgical techniques for the 
treatment of tuberculosis, which saved nu- 
merous lives before drugs were available to 
treat this disease. For his work, he was 
awarded the California medal in 1986. From 
1931 to 1950, he offered free surgical care 
to the patients suffering from tuberculosis 
in the sanatoriums throughout northern 
California. 

Dr Rogers became chief of staff at French 
Hospital in 1937 and served as chief for 36 
years. During this period, he developed a 
training program for interns and residents 
with Stanford as well as with the French 
government. The French government 
awarded him the Chevalier Legion of Honor 
medal for his work in the development of 
an exchange program at the French Hos- 
pital. 

During World War II, Dr Rogers served 
as the chief of surgery in the South Pacific’s 
first medical surgical team (Lion One). He 
was cited by Admiral Nimitz for his excep- 
tional performance. 

A tribute to his dynamic enthusiasm and 
dedication is best described by a letter his 
wife received after his death from an ex- 
marine who was wounded on Bouganville 
in 1943 in the South Pacific: “I am forever 
thankful that Lefty was there; so many 
lives were saved because he felt strongly 
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that he wanted to be close to the front lines 
and ‘get those wounded kids quick.’ We 
were convinced that as long as Lefty was 
around we couldn’t die. The world has lost 
a great man.” 

Many of us who were trained in surgery 
by Dr Rogers felt the same as this man; 
namely, nothing could happen to our patient 
as long as Dr Rogers was there guiding us 
in the procedure. 

Dr Rogers returned to San Francisco 
after finishing his active service as chief of 
surgery at the US Naval Hospital in Co- 
rona, Calif. He continued in the Naval 
reserves and retired as a Senior Rear 
Admiral in 1964. 

After the war, “Lefty” returned to San 
Francisco and resumed his association with 
Dr Eloesser in the practice of surgery. 
They both continued to devote time to the 
teaching of interns and residents, as well 
as doing private practice. Dr Rogers was 
clinical professor of surgery at Stanford, 
as well as at the University of California. 
Students of surgery at both schools gained 
from his advice and teachings. l 

After he became emeritus professor of 
surgery, he realized that there was need in 
San Francisco for a consultative service for 
cancer. He therefore founded the Regional 
Cancer Foundation in 1966. This foundation 
offers free second opinions and/or advice 
to patients and their families. The board 
consists of volunteer physicians in the 
fields of surgery, oncology, radiology, pa- 
thology, and radiation therapy. This foun- 
dation also gives extension courses and 
publishes educational material in the pre- 
vention of cancer. 

Lefty is survived by his wife, the former 
Dorothy Williams Post; two sons, Douglas 
Lester Rogers and Conrad Reed Rogers; a 
daughter, Louise Dogett; ten grandchil- 
dren; a stepson, Randall Eugene Post; a 
stepdaughter, Judith Post Coulter; and four 
stepgrandchildren. 

Dr Rogers’ first wife died in 1970. She 
was the former Dorothy Hager. 

Members of the Pacific Coast Surgical 
Association who knew Dr Rogers will re- 
member him as a great surgeon and hu- 
manitarian. After 24 years of being his 
associate, I feel lonely with this loss and 
miss his careful advice. 

In memory of Dr Rogers, the Daughters 
of Charity of French Hospital have initiated 
an annual lecture in his honor, which is a 
tribute to a great physician and a man who 
personally devoted his time to the creation 
of French Hospital and Medical Center in 
San Francisco. Dr Rogers was also a mem- 
ber of the American Association for Tho- 
racic Surgery, the American College of 
Surgeons, and the Pacific Coast Surgical 
Association. 

RICHARD GARDNER, MD 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 


CEFOTAN.. 


(cefotetan disodium) 


Does so much for so much less than cefoxitin 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus — 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). : 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. _ 

in and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. P 
Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species!). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae), Strepto- 
COCCUS Species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 

B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus. 

*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

! Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICAT 
ieee contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had ious Wi peer reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require —— and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
$ m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
DÀ pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tiona! state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by m X sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
e of alcoholic beverages following the administration of CEFOTAN. 

UG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be cerefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that €— may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRU BORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 





CEFOTAN* (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular _ 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated — 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mg/kg/day IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal L^ aii occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose’ Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 9 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light 
1 gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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EDITORIAL 


Adjuvant Therapy for Node-Negative Breast Cancer Patients C. M. Balch, 
S. E. Singletary 


PROGRAM OF THE NEW ENGLAND SOCIETY FOR VASCULAR SURGERY—1987 


. The Orthograde Venous Autograft and Allograft T. J. Donovan 
3 |. Femoropopliteal Reconstruction for Claudication K. C. Kent, M. C. Donaldson, 
A zw C. E. Attinger, N. P. Couch, J. A. Mannick, A. D. Whittemore 


Runoff Resistance and Early Graft Failure in Infrainguinal Bypass Surgery 
" . G. A. Peterkin, W. W. LaMorte, J. O. Menzoian 


Molecular Diversity in the Abdominal Aortic Aneurysm Phenotype M. D. Tilson, 
M. P. Roberts 


Vascular Complications of Percutaneous Femoral Cardiac Interventions 
J. J. Skillman, D. Kim, D. S. Baim 


Long-term Survival ind Quality of Life Following Ruptured Abdominal Aortic 
Aneurysm | _M. J. Rohrer, B. S. Cutler, H. B. Wheeler 


Cost-effectiveness of intra-arterial Thrombolytic Therapy . L. 4. Dacey, R. W. Dow, 
M. D. McDaniel, D. B. Walsh, R. M. Zwolak, J. L. Cronenwett 


Supplemental Oxygen and Dependent Positioning as Adjunctive Measures to 
Improve Forefoot Tissue Oxygenation W. C. Johnson, H. |. Grant, D. Baldwin, 
J. V. Hamilton, J. M. Dion 
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Editorial 


Adjuvant Therapy for Node-Negative 


Breast Cancer Patients 


Who Benefits? 


Q^ May 16, 1988, the National Cancer Institute issued 
a “Clinical Alert" that has generated considerable 
publicity regarding three clinical trials involving node- 
negative breast cancer patients who received either adju- 
vant chemotherapy or hormonal therapy vs observation 
only. These randomized prospective trials, conducted by 
the National Surgical Adjuvant Breast Project and the 
Intergroup Study (Eastern Cooperative Oncology Group, 
Southwest Oncology Group, and Cancer and Leukemia 
Group B), represent an important step in extending the 
use of systemic therapy to yet another subset of breast 
cancer patients. 

Unfortunately, the incomplete dissemination of infor- 
mation about these trials and the exaggerated interpreta- 
tions of the results by the lay press and others have led to 
considerable confusion about specifically Which node-neg- 
ative breast cancer patients should receive postoperative 
chemotherapy or hormonal therapy as “standard treat- 
ment.” For example, the New York Times (May 21, 1988) 
published a front-page article under the headline “Cancer 
Drug Therapy Urged for All After Breast Surgery,” with 
the following opening statement: 


. In a major change of a long-standing policy, the National Cancer 


Institute is recommending that all [italics added] women who 
have breast eancer should have chemotherapy or hormonal therapy 
after the initial surgery, even if there is no evidence that the 
cancer has spread. 


The investigators in these three trials have reported 
their results in a factual manner. In our opinion, however, 
some of the conclusions reached by others about these 
trials are premature, and their general application is 
clearly not warranted for many patients with node-negative 
breast cancer. Although the results of the trials have not 
yet been published in the scientifie literature, the publicity 
and general interest that has already been generated on 
this important subject warrant editorial eommentary. 

Three issues must be addressed before adjuvant chemo- 
therapy or hormonal therapy can be utilized as standard 
practice for the entire cohort of patients: (1) Are the 
patients entered into these clinical studies representative 


of the entire universe of node-negative breast cancer 
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patients? If not, is there an identifiable subset of “high- 
risk” node-negative breast cancer patients for whom this 
treatment is justified? (2) Does the statistically significant 
difference in disease-free survival at four years actually 
translate into an equally significant difference in overall 
survival between the treatment arm and the control arm? 
(3) Does the benefit of systemic chemotherapy or hormonal 
therapy outweigh the risks, complications, and costs of 
treatment? 

Regarding the first issue, the patients entered into these 
trials appear to represent a subset of node-negative breast 
cancer patients who are not representative of the entire 
group. Consider the evidence. The disease-free survival 
rate for the treatment arms (either chemotherapy or 
hormonal therapy) in the three studies averaged 82% (80% 
and 82% for the NSABP studies at four years, 84% in the 
Intergroup study at three years); the control arms averaged 
72% disease-free survival (71%, 77%, and 67%). Patients 
in the control arms have exceedingly low survival rates 
compared with those in published series of surgically 
treated patients with negative nodes. For example, in 
consecutive groups of surgically treated patients not re- 
ceiving any systemic therapy at the M. D. Anderson Cancer 
Center, Houston, and at the National Cancer Institute of 
Milan, Italy, the four-year disease-free survival rates (91% 
for M. D. Anderson Cancer Center, 86% for National 
Cancer Institute of Milan) exceeded the rate for the study 
patients receiving adjuvant systemic therapy in the three 
trials (82% average). To add further weight to the thesis 
that the study patients were a subset, it should be empha- 
sized that in the Intergroup Study there was no statistical 
difference in the three-year disease-free survival rates 
between the chemotherapy and control arms in a cohort of 
164 patients with estrogen receptor-negative tumors less 
than 3 em in diameter (Edward Mansour, MD, principal 
investigator, Case Western Reserve Medical Center, Cleve- 
land, oral communication, July 1988). 

The second issue concerns the use of disease-free sur- 
vival rates as an end point for making conclusions rather 
than waiting for overall survival rates to be calculated. 
When differences in disease-free survival calculations are 
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so small (ie, <12% overall in the three trials and only 5% in 
the study of estrogen receptor-positive tumors), it is 
possible that the difference in actual survival (which is 
usually less) may not be clinically or statistically signifi- 
cant. Thus, it seems premature to make a final determi- 
nation for a standard treatment policy on a national basis 
that relies on relatively small differences in disease-free 
survival rates that may or may not translate into true 
survival differences with longer follow-up. 

Concerning the third issue, each physician must make a 
clinical decision whether the potential benefit of a given 
treatment outweighs the risks, costs, and complications to 
a substantial degree that warrants administering that 
treatment to an individual patient. It might be argued that 
tamoxifen citrate has so few side effects that its use is 
warranted even when the survival benefit is small. How- 
ever, the costs are not insignificant, especially when applied 
on a national basis. Restraint should be used in adminis- 
tering combination chemotherapy to a large group of node- 
negative breast cancer patients, some of whom are likely 
to be cured by surgical treatment alone. Thus, the risks in 
the two chemotherapy trials were substantial enough 
(including one patient who died of treatment-related com- 
plications in the Intergroup trial) that a much greater level 
of restraint must be applied in using adjuvant chemother- 
apy in patients who are at relatively low risk for harboring 
distant metastatic disease. The economic costs of admin- 
istering adjuvant chemotherapy to a large number of breast 
cancer patients are also quite substantial if applied on a 
national basis. 

Advances in breast cancer cure rates will no doubt come 
from improvements in systemic therapy On the other 
hand, surgical treatment alone cures a substantial number 
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of patients with node-negative breast cancer, especially 
when the primary tumor is small (ie, <2 em in diameter). 
It behooves the surgical and medical community to tailor 
the indications for multimodal therapy to patients for whom 
the benefit of the adjuvant treatment outweighs the risks. 
Defining the subset of node-negative patients at sufficient 
risk to need currently available systemic therapy is an 
important area for continued clinical investigation. 

Which patients should be considered for systemic ther- 
apy in this category? This is still an open question, but 
physicians may use prognostic guidelines to identify pa- 
tients with node-negative breast cancer at particularly 
high risk for distant disease, for whom the potential 
benefits may outweigh the risks. These include patients 
with large tumors (ie, >3 cm in diameter), poor nuclear 
grade of differentiation, absence of hormone receptors, and 
evidence of lymphatic or vascular invasion, aneuploidy, ete. 

These three clinical trials are well-designed and impor- 
tant studies that will contribute to the scientific literature. 
It is the interpretation of their results and their application 
to the standards of treatment that we question. In our 
opinion, the current information from these three clinical 
trials does not clearly justify adjuvant therapy for the 
entire universe of patients with node-negative breast 
cancer. Even if the indications for systemic therapy are 
liberalized, there is still an important role for a control 
arm of surgically treated patients when there is a reason- 
able probability that surgical treatment has completely 
excised their offending cancer. 

CHARLES M. Batcu, MD 
S. Eva SINGLETARY, MD 
Houston 
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The Orthograde Venous Autograft 


and Allograft 


Presidential Address 
Thomas J. Donovan, MD 


N ature’s Laws Are God’s Thoughts. This imposing motto 
crowned the entrance to the biology building at 
Bowdoin College, Brunswick, Me, in the fall of 1940. It 
remains among my four favorite aphorisms. Mounted on 
the wall of the histology room in the Anatomy Department 
at Harvard Medical School, Boston, in 1943, an old Dutch 
couplet, translated by Charles Minot, admonished: What 
good will light or lenses be, if owlets look but will not see? 
Around the ceiling of the foyer in the Vanderbilt Hall 
Dormitory at Harvard was Louis Pasteur's dictum: Dans 
les champs de l’observation, le hasard favorise les esprits 
prepare. In short: cultivate insight, make accurate obser- 
vations, and evaluate critically the significance of ideas. 

During my two years at the Naval Medical Research 
Institute in Bethesda, Md, 1947 to 1949, a homograft bank 
was established and the plaque over the entrance to the 
room announced: “Ex Morte, Vita.” After 40 years of 
progress in immunology and cryobiology, that circle is 
about complete and we are again implanting allograft 
vessels with improving technology. Today we will revisit 
that area of surgical research with this report on the 
orthograde (nonreversed) venous autograft and allograft 
in vascular surgery. As the title implies, two themes are 
combined, ie, the comparative merits and liabilities of the 
arterialization process on the orthograde, free venous 
autograft vs the in situ and the reversed graft; and the 
future potential for the arterialization of the cryopreserved 
venous allograft with immunomodulation. 

From the visionary research of Alexis Carrel at the turn 
of the century through the surgical renaissance in this 
latter half, the pursuit of the ideal vascular conduit has 
defined and refined the uses of endarterectomy and grafts 
for vascular reconstruction.'* Endarterectomy and pros- 
thetic grafts have their own illustrious past and present 
champions and their established zones of excellence in the 
larger vessels of the body. For example, the atheromatous 
stenoses at the origins of the internal carotid and visceral 
arteries present the most localized and favorable lesions 
for endarterectomy, and a variety of plastic grafts perform 
well within the thoracic and abdominal cavities. 

However, venous reconstructions and those of the smaller 
infrapopliteal and coronary arteries present a more diffi- 
cult challenge because of the reduced pressure gradients 
and flows. To maintain patency, these conduits must pre- 
serve endothelial function and mimic, as much as possible, 
the native vessel. The mammary artery comes closest to 
this in coronary bypass and is the gold standard for this 
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region.‘ As a potential technique to compensate for its 
spacial limitations, the “mammary artery extender" com- 
bines the short, proximal orthograde saphenous bifurcation 
with distal free mammary artery grafts for sequential 
anastomoses. Other arterial autografts, also limited in 
range and availability, have their own special indications.** 

The venous autograft mimies well the native vessel in 
venous reconstruction or bypass for chronie venous insuf- 
ficiency. It also thickens or “arterializes” under systemic 
pressures and, like the venous allograft, increases endo- 
thelial prostacyclin production to simulate the normal 
artery in function as well.’ If the immune response can be 
safely allayed, the cryopreserved allograft vessel will 
provide a wide variety of conduits and valves for special 
procedures and for the many times when autogenous tissue 
is inadequate. 

This report presents briefly a series of right ventricle to 
pulmonary artery shunts with canine venous allografts; a 
series of valved jugular venous autografts and allografts 
in the canine pulmonary artery; and a series of reversed 
and orthograde venous autografts in the canine femoral 
artery. The relevance of these findings to the clinical use 
of the orthograde venous autograft and allograft will also 
be considered. A clinical case will be presented with clear 
implications for the future of venous allografts. 


VENOUS ALLOGRAFTS IN RIGHT VENTRICLE TO 
PULMONARY ARTERY SHUNTS 


A series of 12 canine right ventricle to pulmonary artery 
shunts, reported on in 1951, utilized Teflon or Lucite tubes 
in the right ventricle and distal, fresh inferior caval 
allografts end to side to the left pulmonary artery, with 
ligation of the proximal main pulmonary artery? (Fig 1). 
These remained uniformly patent with good function up to 
3% years despite the lack of a valve in the shunt.* Since 
the caval walls became replaced with host tissue postop- 
eratively, these allografts were accepted, almost as syn- 
geneic tissue, although some donor collagen and fibroblasts 
probably remained in the media.'* 

In theory, a parent or older sibling could donate a close 
matched or syngeneic saphenous shunt with proximal 
valves for the child with congenital outflow obstruction of 
the right ventricle. However, with progressive improve- 
ments in the past 40 years, the cryopreserved aortic and 
pulmonic valve homografts in children are now functioning 
well into the second decade.“ These viable, cryopre- 
served homografts mark a significant improvement over 
nonviable, glutaraldehyde-preserved heterografts in chil- 
dren and also demonstrate superior function and durability 
in adult aortic valve replacements.*!*> Immunomodulation 
may further improve them. 

Figure 2 exemplifies the early frozen, irradiated aortic 
homograft of the 1950s, distal to a Lucite ball valve in the 
apex of the left ventricle.'* Those irradiated and lyophy- 
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Fig 1.—Left, Angiogram showing tube walls in right ventricle. Nonvalved caval homograft overlies right auricle and 
joins left pulmonary artery just distal to ligated main pulmonary artery. Right, Shunt 31⁄2 years postoperatively, with 
endocardial tube, right ventricular hypertrophy, well-endothelialized distal caval homograft, and ligated main 
pulmonary artery just above anastomotic line. 


lized arterial allografts of that era were nonviable and 
underwent early degeneration, with aneurysms and other 
complications. The current cryopreserved allografts, how- 
ever, maintain their viability with controlled cooling pro- 
tocols and cryopreservants, such as dimethyl sulfoxide. 
They prevent the formation of ice crystals and excessive 
dehydration of cells. This preservation of viability bears a 
direct relation to the strength and durability of the 
graf ,18,14 
VALVED JUGULAR AUTOGRAFTS IN THE LEFT 
PULMONARY ARTERY 

In the Hartford (Conn) Hospital Research Laboratory 
in 1986, 16 valved segments of canine jugular vein were 
interposed into the divided left pulmonary artery and 
followed up to five months postoperatively. The first nine 
were autografts and the following seven were fresh homo- 
grafts. The autografts all remained patent, excepting one 
with a technical error. The valve cusps and venous walls 
remained thin and intact. Myointimal hyperplasia, always 
present under systemic pressures, was absent under these 
lower pressures. The smaller proximal ends of the jugular 
autograft caused an anatomic mismatch and some proximal 
stenoses (Fig 3). The grafts had to be short to prevent 
kinking, and the larger distal or sinus ends often showed 
slight dilatation postoperatively. 


VALVED JUGULAR ALLOGRAFTS IN THE LEFT 
PULMONARY ARTERY 

One of the seven jugular venous homografts, with a 
major blood group mismatch, showed the most severe 
immunologic reaction and was closed before 15 days. All 
other grafts revealed a moderate immune response, loss of 
endothelium and most donor cells, and beginning replace- 
ment with host fibroblasts and connective tissue. Most 
grafts closed in the third or fourth week. Of the two patent 
grafts, one at 16 days demonstrated characteristic fibrin 
and clot deposition in the sinuses and on the suture lines. 
arises here from proximal apical Lucite ball valve and leads to The other graft, open at 35 days, showed an absence of 
distal descending aorta with proximal occlusion. valve cusps and sinuses and severe fibrosis with an hour- 
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Fig 3.—Left, Angiogram showing jugular segment in left pulmonary artery, with relatively smaller proximal and es 
distal anastomoses. Right, Valved jugular autograft after four months of implantation in left pulmonary artery, with 


normal wall and valve cusps. 
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Fig 4.—Left, Patent jugular venous allograft after 16 days showing usual deposition of fibrin clots in sinuses and on 
suture lines. Right, Patent jugular venous allograft after 35 days showing severe fibrosis with disappearance of valve 


cusps and sinuses. 


glass stenosis characteristic of these low-flow allografts 
without immunomodulation (Fig 4). 


REVERSED AND ORTHOGRADE VENOUS 
AUTOGRAFTS IN THE FEMORAL ARTERY 


A series of 14 reversed cephalic venous autografts (1986) 
were interposed into the resected canine femoral artery 
and transplanted subcutaneously for ease of follow-up 
palpation and observations. Twelve remained patent and 
were followed up for 3.5 to eight months. Careful exami- 
nation of the 44 valves included gross and microscopic 
photographs. Thirty-two valves (73%) exhibited marked 
shrinkage and eight totally disappeared. Two valves in 
each of two grafts (9.1%) revealed thickening and moderate 
stenoses, with concomitant thickening of the graft wall and 
mild reduction of the graft lumen. 

A second series of canine venoarterial interposition 
autografts in the orthograde position with division of valve 
leaflets by the Mills-Leather knife demonstrated complete 
disappearance of all the valve tissue when studied two to 
eight weeks postoperatively, as reported previously." Fol- 
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low-up studies of orthograde saphenous grafts in clinical 
coronary bypass and other areas of the vascular tree have 
confirmed these observations. 


VENOUS AUTOGRAFTS 


At present there are three main techniques of venous 
grafting: in situ, free orthograde, and reversed grafts. As 
noted above, valvotomy abolishes the valve, allows the 
orthograde position, and eliminates two major causes of 
graft failure, discussed later. The presence of endothelium 
with its many endocrine and physical properties provides 
another key to patency in low-flow situations.'**° From the 
dissection and the physical adaptation to the traumatic 
arterial pressures and erosive flow in the systemic circuit, 
the in situ vein graft initially undergoes desquamation of 
endothelial cells. At 24 hours, this desquamation approxi- 
mates that of the free orthograde or reversed saphenous 
autograft with the mild mechanical trauma of the current 
gentle and sophisticated harvesting techniques.” After 
several weeks, all autografts show a quite complete and 
equal restoration of the endothelial monolayer and enzyme 
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production. They also have a well-incorporated and revas- 
cularized adventitia and media, with some collagen depo- 
sition and myointimal hyperplasia for added hoop strength 
to simulate the normal artery. 

Converting the in situ to an orthograde free graft, with 
complete division of all attachments, has decided technical 
and practical advantages. Since the mechanical trauma is 
about equal in all grafts and more important than tempo- 
rary ischemia in their ultimate fate, these practical advan- 
tages outweigh the preservation of some tiny vasa venarum 
and their theoretical limitation of temporary ischemia.™5 
For example, complete freeing of the graft eliminates the 
problem of postoperative arteriovenous fistulas and facili- 
tates the location of the common, uncut cusp with a sterile 
Doppler study. It also allows the proper cephalocaudad 
position of the graft to avoid tension and location below 
the superficial fascia to improve wound healing. 

The important benefits in both the in situ and orthograde 
free grafts remain the nonreversed position and the elimi- 
nation of the valves. Reversing the vein can create anasto- 
motie size mismatches in the bifurcated or tapering 2- to 
4-mm vein usually found in the below-knee area. The small 
vein end must then be joined to the thickened aorta or 
sclerotic femoral artery, and, in that proximal area, most 
intrinsic strictures form and occlude in the smaller grafts 
with myointimal hyperplasia.’ Szilagyi et al? reported a 
doubled failure rate in reversed vein grafts less than 
3.5 mm in diameter. 

Szilagyi” also documented a 5.7% incidence of vein graft 
failure from the retention of the venous valves in reversed 
vein grafts, which can become fibrotic and stenotic under 
systemic pressures like miniature bicuspid aortic stenoses. 
The Whitney et al*? and Bosher et al? series would double 
that estimated failure rate on that basis. With the increased 
resistance and low-flow runoff situations encountered clin- 
ically, the valves are more of a hazard and the sinuses 
beyond the valves become a stagnant nidus for clotting.?**? 
The extensive destruction of the endothelium in the venous 
homograft accentuates that tendency, and the sinuses 
become the earliest sites of thromboses, as seen above. 
Moreover, the increased fibrosis and contraction in the 
venous homograft exacerbates the proximal size mismatch 
in the reversed position. Because of this tendency for 
constriction, Ochsner et al? used only venous homografts 
over 5 mm in diameter in the reversed position. The above 
findings strongly support the orthograde position for both 
venous autografts and allografts. 

However, nothing “comes free” in medicine, and the 
“arterialization” of the vein in the systemic circuit makes 
it vulnerable to atherosclerosis and excessive myointimal 
hyperplasia, not seen in the venous system. Excessive 
myointimal hyperplasia can cause strictures of orthograde 
or reversed vein grafts. These have been seen in a few 
cases in the distal end of the orthograde graft. The smaller, 
thinner segments of cephalic grafts may be more vulnera- 
ble to these changes. Ochsner and associates’ rule for 
choosing saphenous allografts of optimal size and thickness 
would seem appropriate in view of our current studies. 

The main prerequisite for the use of the orthograde 
venous graft is the careful application of a simple, atrau- 
matic method of cusp division and an intraoperative Dopp- 
ler check to avoid the common pitfall of the retained uncut 
cusp. It can easily be detected audibly with a sterile 
Doppler examination at surgery but will usually be missed 
by angiography.* The steel retrocutting knives of Mills 
and Leather are quite sharp and effective when new. They 
become dull with use, however, and can either slip off the 
commissural area of the cusp and fail to divide it well or 
disrupt it with undue force. Knives made of more durable 
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material, such as diamond, are sharper and retain their 
edges longer. One feels only a minimal holdup on hooking 
and cutting the cusp. These knives are more expensive, 
however, and also eventually become dull. A new modifi- 
cation of this knife to solve this problem is under study. 

An intraoperative Doppler study is important for quality 
assurance for all vascular surgeons. Close postoperative 
follow-up of all grafting techniques is important for defining 
their proper use and improving results. Marking the 
orthograde grafts with double steel hemoclips on one 
ligated branch is helpful on follow-up arteriograms, as is 
the small clip at uncut valve sites on the reversed grafts 
for diagnosing diaphragmatic or funnel-type stenoses that 
can appear there later. 


VENOUS ALLOGRAFTS 


The venous allografts in the pulmonary artery reaffirm 
principles that apply to some of the clinical experiences 
reported in the literature. The canine caval allografts 
bypassing the pulmonic valve show that, with large flows 
and pressure gradients, even unmatched and unmodified 
fresh venous allografts will remain patent. This parallels 
the clinical experience of others with good patency rates 
in high-flow reconstructions. '*"** However, the low-flow 
jugular to pulmonary artery homografts are a severe test 
of patency without modified antigenicity. Their thromboses 
resulted from the more extensive endothelial destruction 
and slower host repopulation in the early vulnerable period. 
Some clinical experiences, without optimal preservation or 
immunomodulation, have shown higher rates of thrombosis 
in low-flow situations.**** Those poor results, however, 
antedate improved cryopreservation, cyclosporine, and 
other modifications of the immune response in recent 
years. 34! 

The following Hartford Hospital case provides a unique 
view of the future. A 41-year-old man with severe diabetes 
has had stable renal function for three years after a renal 
transplant from his sister with an identical antigen match. 
He is receiving cyclosporine and the usual adjuvants. He 
has had normal pedal pulses and improved perfusion of his 
feet after a reversed saphenous allograft (or syngenesio- 
graft) from the same donor for a left popliteal-pedal bypass 
about two years ago and a right orthograde saphenous 
autograft for a right popliteal-pedal bypass about 1% years 
ago. The walls and pulsations of both grafts appear similar 
and normal with duplex ultrasound and Doppler studies at 
this time. Both vein grafts have simulated equally well the 
low-flow, normal artery. Within the past month, however, 
an angiogram of the left allograft shows further compro- 
mise of the runoff vessels in the left foot and an early 
stricture in the proximal vulnerable area of the reversed 
graft. The severe progression of his diabetic arterioscle- 
rosis emphasizes the palliative nature of most vascular 
surgery and the importance of prevention and postopera- 
tive management. In the future, a pancreatic and renal 
transplant may be indicated in such a patient. 

Newer concepts of the rejection response have under- 
scored the importance of antigen-presenting cells (“pas- 
senger leukocytes”) and lymphokines (interleukin 1 and 2) 
as trigger mechanisms. This has led to techniques for 
reducing antigenicity and inducing tolerance without the 
use of systemic immunosuppression. Ultraviolet radiation 
of pancreatic tissue has induced tolerance in murine trans- 
plants. Pretreatment of cryopreserved venous allografts 
with local cyclosporine has induced tolerance and main- 
tained patency in canine carotids.* My colleagues and I 
are currently studying the application of a new adhesive 
protein to the intima of cryopreserved venous allografts 
and then reseeding with cultured host endothelial cells to 
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reduce antigenicity and maintain endothelial function. To 
reduce antigenicity with banked cryopreserved veins taken 
after organ procurement, one can match the major blood 
groups and the class 2 HLA antigens (DR and D) capable 
of initiating a rejection response. Matching the class 1 
antigens is not necessary or cost-effective with a workable 
number of “frozen assets.” 

Cyclosporine systemically has been shown to control the 
immune reaction in venous allografts and may induce 
tolerance after only a few weeks of therapy.*** The dose of 
cyclosporine (or future less toxic drugs) may be lowered 
and given for a limited time to prevent toxic effects and 
still “control” the immune response until host replacement 
is gradually completed and the repopulated endothelium is 
fully functional. With host fibroblasts forming collagen in 
and around the wall of the venous homograft, the hoop 
strength is increased to combat aneurysmal! dilation. 3.35.36 
This host replacement of donor tissue also reduces anti- 
genicity and, in time, induces tolerance.**** Sex chromatin 
studies with Barr bodies in female to male transplants 
have helped to define this process of “creeping replace- 
ment,” 1-13 

With more sex chromatin studies to understand better 
this replacement process, better matching and pretreat- 
ment of grafts, and safer, more effective antirejection 
drugs in the offing, who can doubt that the end of this 
century will witness the successful use of the orthograde 
venous allograft as an alternative conduit in venous and 
small-vessel reconstruction? When that eventuality comes 
to pass, the cycle will have been completed, the torch will 
have been passed in triumph to a new century of surgeons, 
and the soul of Alexis Carrel will smile in peace somewhere 
out there beyond the stars. 

Ex Morte, Vita: the endless cycle of evolution. The final 
two lines of our 1946 class poem,” dedicated to the medics 
who died in World War II, said it best: 


So must the earth each sunset’s splendor hold, 
To give the morrow’s richer hues of gold. 


This study was supported in part by Hartford Hospital research funds. 
I wish to express gratitude to A. D. Drezner, MD, and R. T. Schweizer, 
MD, for the use of their clinical case of venous allografting. 
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Femoropopliteal Reconstruction 


for Claudication 


The Risk to Life and Limb 


K. Craig Kent, MD; Magruder C. Donaldson, MD; Christopher E. Attinger, MD; 
Nathan P. Couch, MD; John A. Mannick, MD; Anthony D. Whittemore, MD 


è The current study was undertaken to examine the results 
of femoropopliteal bypass grafting with intermittent claudi- 
cation as the indication. Of 1173 infrainguinal reconstructions 
carried out on our service during the past decade, 249 (21%) 
consecutive femoropopliteal grafts were performed for disa- 
bling claudication in 191 patients. The primary five-year cu- 
mulative patency rates were 78% for autogenous vein and 52% 
for polytetrafluoroethylene grafts. There were two (0.8%) 30- 
day operative deaths and a subsequent five-year amputation 
rate of 2.4% for both groups. Femoropopliteal reconstruction 
for claudication may therefore be carried out with acceptably 
low operative mortality and a subsequent amputation rate 
comparable with that anticipated from the natural history of 
the disease. While the five-year patency rate is significantly 
higher utilizing autogenous vein grafts, symptomatic relief 
may be expected with prosthetic grafts in approximately half 
the patients without incurring a higher risk of limb loss. 

(Arch Surg 1988;123:1196-1198) 


umerous reports have suggested that the natural 
history of intermittent claudication is relatively be- 
nign. Ifthis is true, an operative procedure for this process 
requires excellent results with little morbidity and mor- 
tality. During the past 38 years, with continued refinement 
and experience, femoropopliteal bypass grafting has grown 
in both its safety and effectiveness. Much of the pessimism 
for use of this procedure in patients with claudication stems 
from the lower patency and higher amputation rate found 
in series that combine claudication and limb threat as the 
operative indications. Few reports analyze the results of 
the subset of patients who experience claudication alone. 
Aninaji et al,! in a review of 100 such cases, found no 
operative mortality with an amputation rate of 396 and a 
patency rate of 70% at five years. In an earlier report from 
this institution, only one amputation was performed in 43 
patients, with a five-year patency of 8896 and no operative 
mortality.” 

With continued experience, our series now includes 191 
patients. The current study was undertaken to reexamine 
the risks of femoropopliteal bypass grafting in this cohort 
of patients. 


MATERIALS AND METHODS 


From the years 1976 to 1987, one thousand one hundred seventy- 
three consecutive infrainguinal reconstructions were performed 
at our institution (Brigham and Women’s Hospital, Boston). Two 
hundred forty-nine femoropopliteal bypasses (21%) were carried 
out for disabling claudication in 191 patients. Patients were not 
included if they exhibited rest pain, ischemic ulceration, or 
gangrene. 

One hundred sixty-six erocadures were carried out on men and 
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88 were performed on women, with a mean age of 62.! 
(range, 32 to 84 years). 

Risk factors for atherosclerotic vascular disease in the 
group included the presence of diabetes in 21%, hyperter 
51%, coronary artery disease in 51%, and a history of toba 
in 78%. A previous vascular procedure had been performed 
of the group. 

Preoperative ankle brachial pressure indexes (ABI) wer 
in 186 limbs, with an average value of 0.58. The extent o 
runoff was determined from preoperative angiograms in 19¢ 
An isolated popliteal segment was found in 3%, one-vessel 
in 2096, two-vessel runoff in 41%, and three-vessel runoff 
of the group. 

In 167 of the procedures, autogenous vein was utilized 
conduit. Reversed vein was used in 133 patients (8096), an 
situ method was employed in 34 patients (20%). When sap 
vein was not available, a polytetrafluoroethylene (PTFE 
was used in 82 cases. 

Bypass grafts were performed from the common femoral 
to the above-knee popliteal artery in 150 instances (87 auto 
vein grafts, 63 PTFE grafts). Distal anastomosis was to the 
knee segment of the popliteal artery in 99 cases (80 auto 
vein grafts, 19 PTFE grafts). 

All patients were followed at regular intervals after s 
Graft occlusion was determined by physical examination, 
of symptoms, segmental limb pressures and plethysmo; 
and angiography when indicated. The range of follow-up w: 
zero to 60 months (mean, 30 months). 


RESULTS 


At five years, a cumulative primary patency of 78 
found for autogenous vein grafts. The five-year pr 
patency for PTFE grafts of 52% was significantly les 
that of autogenous vein grafts (P<.05). A compari 
the patency curves for these two conduits is sho 
Fig 1. There was not a statistically significant diffe 
between the patency of proximal popliteal (72%) and 
popliteal (85%) anastomoses in the autogenous vein 
(Fig 2). Although the results were better in the above 
PTFE group (55% vs 42% for below-knee), this diffe 
was not statistically significant (Fig 3). The thre 
cumulative patency rate for in situ saphenous vein 
for claudication was 90.2% compared with 83.9% fi 
reversed-vein group. Seventeen in situ conduits have 
followed for longer than two years, and 12 have 
followed for more than three years. 

The Table shows the relationship between patenc 
the number of runoff vessels found on preoperative 
ography. The angiographic runoff had no ability to p 
eventual graft occlusion (P<.2). 

The presence of diabetes (P<.5) or hypertension ( 
did not influence the bypass patency rate. Preope 
tobacco use appeared to adversely affect patency, bt 
was only significant to P<.1. Patients with a hist 
coronary artery disease experienced less graft occ 
than those without disease (P<.05). 

Patency correlated well with symptom relief. Fir 
tients developed recurrent claudication without gre 
clusion secondary to progression of proximal ather 
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Fig 1.—Life-table analysis of cumulative primary graft patency 


according to graft type (solid circles indicate autogenous vein, 
n= 167; open circles, polytetrafluoroethylene, n = 82). 


rotic disease. All five patients had successful procedures 
to relieve this claudication (three percutaneous balloon 
angioplasties of an iliac lesion and two patch angioplasties 
of a femoral lesion). An additional five patients developed 
recurrent symptoms secondary to a nonocclusive lesion in 
the graft. All were successfully repaired (three with 
pereutaneous balloon angioplasties, one with patch angio- 
plasty, and one with a short saphenous jump graft). 

During the follow-up period, six limbs were lost, with an 
overall amputation rate of 2.496. The rate of limb loss was 
equal in both the PTFE and autogenous vein graft groups, 
and there were no limbs lost in the immediate postoperative 
period. The average time from operation to amputation 
was 25 months, with a range of six to 50 months. 

Two patients (0.896) died within 30 days of surgery. One 
death was the result of a myocardial infarct and the second 
was the consequence of an arrhythmia. The overall five- 
year survival of patients in this series was 88%. 


COMMENT 


Beginning with Boyd's report in 1960 of 1440 patients, 
various studies have attempted to define the natural history 
of intermittent claudication.*? It has become clear that this 
symptom in the majority of patients will either remain 
stable or improve. A distinct subset of approximately 2096 
will become symptomatically worse, and a smaller group 
(3% to 11%) will eventually need to undergo amputation. 
The more severely affected patients are most likely to 
develop progressive deterioration of their claudication. The 
vast majority of the patients in the current study fit into 
this subgroup of severe claudication. 

Seventy-eight percent of autogenous vein bypass grafts 
remained patent at five years. Considering the limitations 
imposed by severe, disabling claudication, a significant 
improvement in daily function and life-style was attained 
in this group. The majority of saphenous vein grafts in this 
study were performed by a reversed-vein technique. In a 
recent report from this institution,? the cumulative five- 
year patency was numerically but not statistically higher 
for in situ vs reversed-vein femoropopliteal bypass grafting 
for all indications. In the current study of surgery for 
claudication alone, a comparison at three years is sugges- 
tive of an increased cumulative patency for the in situ 
group, although the numbers have not reached statistical 
significance. 
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Fig 2.—Life-table analysis of cumulative primary patency for 
autogenous vein according to site of distal anastomosis (solid 
circles indicate above-knee, n=87; open circles, below-knee, 
n — 80). 
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Fig 3.—Life-table analysis of cumulative primary patency for 
polytetrafiuoroethylene according to site of distal anastomosis 
(solid circles indicate above-knee, n=63; open circles, below- 
knee, n= 19). 


Relationship of Preoperative Runoff to Patency 


Respective five-year patency rates of 55% and 42% for 
above-knee and below-knee PTFE grafts were found. This 
significantly reduced patency rate with PTFE is consistent 
with the results from other large series having long-term 
follow-up.* Despite the low patency rate, the mortality and 
amputation rates were no different in the prosthetic graft 
group than in the patients with a saphenous vein bypass 
graft. These results could be interpreted to imply that 
since 50% of the patients achieved benefit without an 
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increase in mortality and amputation rate, this conduit 
might be a reasonable alternative when autogenous vein is 
not available. The opposing view is that a 50% long-term 
failure rate for an operation for claudication is unaccept- 
able. With these and even more discouraging results with 
PTFE grafting in the limb-threatened group, our institu- 
tion has turned to a policy of avoiding the use of nonautol- 
ogous tissue whenever possible. 

A number of factors were analyzed to determine if 
femoropopliteal bypass grafting might be more or less 
beneficial to any subgroup of patients. Diabetics fared as 
well as their nondiabetic counterparts. Also, hypertension 
did not seem to have an adverse effect on outcome. 
Preoperative tobacco use was associated with a decrease 
in graft patency that approached statistical significance. 
The number of runoff vessels present on the preoperative 
arteriogram did not influence patency. As can be seen in 
the Table, four of five grafts to an isolated popliteal 
segment remained open. 

It has been argued that femoropopliteal bypass grafting 
in a nonthreatened limb might result in early amputation 
as a complication of the procedure, or late limb loss with 
occlusion of the graft. The amputation rate of 2.4% over an 
average follow-up of 30 months in this series of patients 
equals the best results noted in any of the studies on the 
natural history of intermittent claudication. This number 
becomes even more significant when it is considered that 
the group of patients in this series represents the most 
severe of the claudicators followed in the natural history 
studies. 

The low operative death rate of 0.8% reflects meticulous 


attention to the associated medical problems that afflict 
this group of patients. It also suggests that persons with 
claudication are in general less ill than those with limb- 
threatening ischemia. A decreased mortality in the clau- 
dication group vs the limb-threatened group has been 
noted by previous investigators." 

A markedly decreased five-year survival has been well 
documented in patients with peripheral vascular disease. 
With this knowledge, it has been argued that an aggressive 
approach to patients with claudication is unjustified. In 
the current series, the five-year survival of 88.4% suggests 
that most patients will live long enough to enjoy the benefit 
of relief of claudication. 

Femoropopliteal bypass grafting for intermittent clau- 
dication is justified when two criteria are met. First, 
operative experience and technique must be sufficient to 
provide excellent long-term results. Second, proper selec- 
tion must be made so that only those patients who have 
truly disabling or severe claudication are chosen for bypass 
grafting. This group represents the subset of persons with 
claudication whose prognosis is poor with conservative 
management. The use of femoropopliteal bypass grafting 
for intermittent claudication has met much criticism based 
on results from studies that combine claudication and limb 
threat as indications for operation. In this study, which 
evaluated only the subset of patients with claudication, 
femoropopliteal bypass grafting with autogenous vein pro- 
vided excellent long-term patency with minimal mortality 
and a low amputation rate. 


Julie A. Lombara provided excellent technical assistance and Sally A. 
Lovett provided secretarial assistance in the preparation of this manuscript. 
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Discussion 


Davip Brewster, MD, Boston: Several years ago, we reviewed 
a 16-year experience at the Massachusetts General Hospital, 
Boston, with femoropopliteal bypass grafting, and we concluded 
that patients with claudication really are a favorable subgroup. Of 
the 143 patients in our study undergoing operation for claudication 
alone, only three grafts eventually failed and led to amputation— 
an amputation rate of 2% over a 16-year follow-up period. There 
were no deaths in this series, and the five-year patency rate was 
78%. We share the authors’ general conservatism in the use of this 
operative procedure and emphasize that the operation should be 
applied only to patients who fit into a favorable category, that is, 
those without widespread associated disease and in whom long- 
term survival can be predicted or expected. Do the authors have 
any clues or indicators that may enable the vascular surgeon to 
predict which persons with claudication may fall into the small 
group of patients whose conditions may worsen? 

Jack CRONENWETT, MD, New Hampshire: Much of the conser- 
vatism that is appropriately applied to operating on patients with 
claudication arises from studies that were conducted in the early 
1900s when the appropriate surgical alternative was amputation. 
The findings that the authors presented indicate that the results 
of surgical treatment have improved markedly. When we reviewed 
our results several years ago, we found that approximately 7% of 
the persons with claudication who we were following up conser- 
vatively needed operative intervention each year. During the 
interval between the initial observation and subsequent surgery, 
these patients endured a period of significant symptoms that they 
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possibly could have avoided if surgical results such as these could 
have been achieved. 

I would like to ask the authors two questions. Were the PTFE 
grafts obligatory and do you still recommend the use of PTFE 
grafts to treat claudication? Do you use the same criteria in 
suggesting treatment for claudication when percutaneous trans- 
luminal angioplasty is to be applied? 

Dr Kent: Dr Brewster, we agree that the results of femoropop- 
liteal bypass in patients with claudication are superior to the 
results achieved in patients with limb salvage as the indication. 
This may be the result of a higher average ABI (0.58) found in the 
claudication group vs an ABI of 0.44 for the limb-threatened 
group. Additionally, 77% of the patients in the claudication group 
had two- and three-vessel angiographic runoff, with this pattern 
being found in only 54% of the limb salvage group. Both of these 
differences are statistically significant. In answer to your question 
we feel that those patients with a history of worsening symptoms 
are more likely to require surgical intervention. Patients are many 
times given a trial of conservative therapy, and surgery is per- 
formed only after this trial has failed. ! 

In answer to Dr Cronenwett, all PTFE grafts were obligatory 
and most in the above-knee position. Our belief is that every effort 
should be made to use an autogenous reconstruction. If this is not 
possible, the need for an operation to relieve the symptoms of 
claudication should be reassessed in view of the reduced patency 
rate when a PTFE conduit is used. 
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Runoff Resistance and Early Graft Failure in 


Infrainguinal Bypass Surgery 


George A. Peterkin, MD; Wayne W. LaMorte, MD, PhD; James O. Menzoian, MD 


e Recent reports suggest that intraoperatively measured 
runoff resistance can identify patients destined for early graft 
failure. We measured runoff resistance in 80 consecutive 
patients who had undergone infrainguinal bypass surgery, 
and periodically assessed graft patency. There were 57 femo- 
ropopliteal bypass grafts and 23 infrapopliteal bypasses. After 
3, 6, or 12 months, there was no significant difference in mean 
resistance between those grafts remaining patent and those 
that failed. Moreover, among patients with very high resistance 
(71.2 mm Hg/mL/min), 12 bypass grafts remained patent for 
more than one year. These results demonstrate that even 
patients with relatively high runoff resistance can undergo 
successful bypass grafting. Consequently, patients with 
measured or angiographic evidence of poor runoff should not 
be denied vascular reconstruction on this basis alone. We 
believe that graft failure is a multifactorial process in which 
the nature of the graft material, location of the distal anasto- 
mosis, runoff resistance, and a number of other factors are 
likely to play a role. 

(Arch Surg 1988;123:1199-1201) 


EN understanding of the determinants of successful 
peripheral arterial bypass grafting in atherosclerotic 
disease of the lower extremity has evolved rapidly over the 
last two decades. Improved techniques and the use of 
autogenous vein whenever possible have led to improved 
patency rates. The persistence of a significant early graft 
failure rate (10% to 32% in the first year after surgery)!” 
remains an unsolved problem for vascular surgeons. This 
early failure rate is still commonly ascribed to technical 
errors or to a poor-quality runoff bed. Technical errors can 
be minimized by adherence to established techniques and 
completion angiograms. Indirect assessment of runoff by 
angiographic grading has not been well correlated with 
patency rates.*® Recent reports in the literature have 
suggested a relationship between high intraoperatively 
measured runoff resistance and early graft failure. 1? This 
article details our experience with measured runoff resis- 
tance and early graft failure. 


METHODS 


After approval by the internal review board at the Boston 
University Medical Center, 80 consecutive patients undergoing 
infrainguinal bypass procedures were entered into the study. Each 
patient gave informed consent by signing a standard form. Indi- 
cations for surgery included limb salvage in 73 instances and 
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disabling claudication in seven patients. Diabetics made up 
53% (n=42) of our patient population and 65 (81%) had been 
smokers. There were 57 femoropopliteal bypasses and 23 infra- 
popliteal bypasses performed. Bypass was performed using native 
vein where possible. Reversed saphenous vein was used in 39 
instances, in situ vein grafts were used 29 times, and two composite 
vein grafts were required. A polytetrafluoroethylene prosthetic 
graft (PTFE) was required in ten instances. At the time of 
surgery, runoff resistance was measured in each patient with the 
use of a previously validated technique." Briefly, each patient 
was given heparin sodium (1 mg/kg of body weight) intravenously, 
and the site of the proposed distal anastomosis was then cannulated 
with a earotid artery shunt (Argyle, Sherwood Medical Company, 
St Louis). This was held in place with silicone rubber vessel loops. 
The artery was then perfused with sterile saline at constant flow 
rates of 50, 75, and 100 mL/min using a Harvard pump. Perfusions 
were carried out for 15 s at each flow rate. Intra-arterial pres- 
sures were monitored continuously with a pressure transducer 
(No. 1280C, Hewlett-Packard Co, Waltham, Mass) and recorded 
on a strip recorder. During each perfusion period, pressure rose 
rapidly to a plateau that remained constant for the duration of 
that perfusion period. Resistance was calculated at each flow rate 
according to the following equation: R= P/F, in which P is the 
measured plateau pressure in millimeters of mercury, F is the flow 
rate in milliliters per minute, and R is the resistance in millimeters 
of mercury per milliliter per minute. For any given patient, the 
calculated resistance was found to be comparable at each flow 
rate. To simplify data analysis, the resistances measured at each 
flow rate were averaged to obtain a mean resistance for each 
patient. This value is reported as “measured runoff resistance." 

After surgery, the patients' conditions were evaluated at the 
end of their hospital stay, at one month, and every three months 
for the first year. In subsequent years, follow-up was attempted 
every six months. Graft patency was established if a superficially 
placed graft pulse was palpable or if the postoperative Doppler 
ankle pressure index was maintained with less than 10% loss over 
time. The life table was constructed using the method outlined by 
Underwood et al.'* Data were analyzed using a Statistical Analysis 
Systems package licensed to Boston University. 


RESULTS 


One year of follow-up was obtained for 54 of the initial 
80 patients, with 26 patients having died or been unavail- 
able for follow-up. The cumulative graft patency rate at 
three months was 90% (Fig 1). In 63 grafts remaining 
patent at three months, the mean (+SE) resistance was 
0.978 —0.084. There were eight graft failures by three 
months, with a mean resistance of 0.878 + 0.161 (Fig 2). At 
six months, similar statistics showed a cumulative graft 
patency rate of 84%, with a mean resistance of 1.020 + 0.094 
in 55 patent grafts and 0.840 — 0.119 in 11 failed grafts (Fig 
3). At one year, a cumulative graft patency of 7596 was 
obtained, with a mean resistance in 37 patent grafts of 
1.097 — 0.137 and in 17 failed grafts of 0.843 + 0.078 (Fig 
4). None of these differences was significant (Table). 
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Fig 1.—Life-table analysis of 80 patients. Numbers above each 
successive step on curve represent number of patent grafts 
available for follow-up entering that time. 
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Fig 2.—Grafts patent at three months are compared with those 
failing within first three months on basis of measured runoff 
resistance. 


. Because of the right-censored nature of graft patency 


p data, regression analysis was performed using the Cox 
» .. proportional hazards model. This again showed no signifi- 


eant correlation between measured runoff resistance and 
graft patency. 


COMMENT 
This study shows that measured runoff resistance alone 


|. is not a good predictor of graft patency. Prolonged graft 


a . patency in peripheral arterial bypass surgery remains the 
= primary technical goal for vascular surgeons. Since most 


. graft failures occur early (within the first year), much 


. interest has been devoted to the factors affecting early 
. graft failure. Primary patency rates have increased over 
. the years with the recognition and elimination of certain 
factors leading to early graft failure. The avoidance of 
small-diameter veins,?'*'5 in situ vein bypass proce- 
dures,'? optimal vein utilization," the recognition and 
intraoperative correction of narrowing or kinking of the 
graft with a completion angiogram,? and modern anas- 
tomotie techniques have all played a role in the improved 
results we see today. However, a small but significant rate 
of early graft failure has persisted. This residual rate of 
early graft failure has been ascribed to "poor runoff." 


= 1200 Arch Surg—Vol 123, Oct 1988 


Measured Resistance, mm Hg/mL/min 


Measured Resistance, mm Hg/mL/min 





Yes No 


Patency at Six Months 


Fig 3.—Grafts patent at six months are compared with those failing 
within first six months on basis of measured runoff resistance. 


Yes No 


Patency at One Year 


Fig 4.—Grafts patent at one year are compared with those failing 
within one year on basis of measured runoff resistance. 


Intraoperative Resistance Measurements in 
Patent vs Failed Grafts* 







P >.25 >.20 >.10 


*Values represent the mean+SE in millimeters of mercury per milliliter 
per minute. Numbers in parentheses indicate numbers of patients. 






Attempts to correlate angiographically defined poor runoff 
with early graft failure have met with poor results,** which 
has led several groups, including ours, to measure runoff 
resistance directly at surgery. 

Simple graphic comparison of measured resistance in 


patent grafts vs failed grafts at various points in time 


during the first year after surgery shows little apparent 
difference between patent and failed grafts (Figs 2 through 
4). In fact, the figures do point out that there are several 
patients with high-resistance measurements in whom 
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grafts remained patent. This was true in both the femoro- 
popliteal and the femorotibial graft groups. There were too 
few PTFE grafts in our series to make any generalizations 
about measured resistance and patency rates with these 
prosthetic grafts. Diabetics showed no differences from 
nondiabetics in either resistance measurements or patency. 
The small differences in patency rates that exist, however, 
between diabetics and nondiabetics will not be seen with a 
relatively small sample size such as this. Regression 
analysis showed no significant correlation between runoff 
resistance measurements and patency after adjusting for 
right censoring of the patency data. 

In recent publications, Ascer et al"? maintained that 
there is a relationship between high runoff resistance and 
early graft failure. Our resistance measurements were 
made in much the same way as theirs, and both sets of 
measured data fell in the same range. Our data may not be 
in conflict. Ascer et al stated that 78 (58%) of 134 
infrainguinal bypass grafts used PTFE as the conduit, 
whereas ten (13%) of 80 of our grafts used PTFE. In 
another article that discussed the reasons for failure in 
PTFE grafts, Ascer et al” stated that 54% of early PTFE 
graft failures occurred because of poor runoff. They further 


stated that autogenous saphenous vein grafts are always 
less sensitive than PTFE grafts to high-resistance outflow 
tracts.” The apparent differences in our findings may be 
because we were looking at very different populations as 
far as graft material was concerned. 

We found no correlation between high runoff resistance 
measurements and early graft failure. We followed up 
significant numbers of these grafts for as long as three 
years and failed to find any consistent relationship be- 
tween resistance and patency. While it may be that PTFE 
grafts are sensitive to high-resistance outflow tracts, it 
seems that autogenous saphenous vein grafts are not. We 
are continuing to follow up 12 patients from this group 
of 80 that had critically high measured resistance 
(>1.2 mm Hg/mL/min) at surgery but whose grafts have 
remained patent for over one year, and seven of these 12 
patients’ grafts have now been patent for more than two 
years. 

In light of these findings, we are currently recommending 
femoropopliteal or femorotibial grafts, with autogenous 
vein when available, for limb-threatening or disabling 
arteriosclerotic disease, even in the face of high measured 
resistance or angiographically demonstrated poor runoff.* 
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Discussion 


Dr Epwarp Kwasnik, Boston: We have developed a model of 
porcine hind-limb occlusion produced by graded microembolization 
of the arterial outflow tract. A substantial rise in resistance does 
not occur until we have occluded approximately 60% to 70% of the 
available outflow channels. This provides a physiologic basis for 
the observation made by the authors that runoff is very rarely a 
major factor in the femoropopliteal system. We also find that with 
perfusion over a series of flow rates, the resistance decreases as 
the flow rate increases. This suggests that higher flow rates would 
produce progressive dilatation of the outflow tract, which does 
affect the absolute value of resistance. Have the authors correlated 
the resistance value obtained with the flow rate of perfusion that 
they used? For example, were these measurements all at the 50-, 
75-, or 100-mL/min perfusion rate and did they make any attempt 
to segregate that? Since limb salvage was the indication for the 
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majority of these reconstructions and since that would be the 
criterion for judging the efficacy of their reconstruction, did the 
authors attempt to correlate limb salvage with measured intra- 
operative resistance measurements? 

Dr PETERKIN: Our group has studied this resistance measure- 
ment technique in a canine model. Our studies sound parallel to 
yours with microembolization in the porcine model. In terms of 
looking at the flow rate and the difference in resistance measure- 
ment, we measured resistance at each of the three physiologic 
flow rates and found they were reasonably similar. We did not use 
higher flow rates or lower flow rates. So, when we did these 
calculations we averaged three flow rates. We have not specifically 
looked at limb salvage, although we are presently collecting those 
data and will analyze them in the future. 
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Molecular Diversity in the 


Abdominal Aortic Aneurysm Phenotype 


M. David Tilson, MD, Michael P. Roberts, MS 


e Abnormalities of collagenous peptides were detected 
among a group of 20 patients with abdominal aortic aneu- 
rysms, studied by high-performance liquid chromatography/ 
NaDodSO,-PAGE (sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis) analysis of the cyanogen bromide (CB) cleav- 
age products of insoluble skin protein. Three abnormal pat- 
terns were identified as follows: (1) relative deficiency of a 
peptide with a relative molecular mass of approximately 58 
kilodaltons (four patients); (2) relative decrease in the ratio of 
a-2 to a-1 (I) CB peptides (seven patients); and (3) decreased 
detection of all collagenous CB and pepsin cleavage products 
(one patient, who was also heterozygous for the Z allele of a,- 
antitrypsin). The “minimal hypothesis" to explain these find- 
ings is that most of the observed abnormalities can be 
explained by collagenolysis in vitro, although a mutation in 
the primary structure of collagen has not been ruled out in all 
patients. Molecular heterogeneity appears to occur within the 
aneurysm phenotype, and the findings in the patient in group 
3 allow identification of one possible risk factor in abdominal 
aortic aneurysmal disease that has a genomic assignment. 

(Arch Surg 1988;123:1202-1206) 


prem reports have emphasized human genetic aspects 

of abdominal aortic aneurysmal (AAA) disease, 
including a sixfold increase in the risk-odds ratio for first- 
order relatives of patients with AAA disease.» Reports of 
biochemical markers suggest that the inherited trait may 
involve one or more proteases with collagenolytic or elas- 
tolytic activity*^* or their inhibitors,” the primary structure 
of collagen or elastin," trace metal metabolism, 7 or 
combinations of these elements. Also, there may be het- 
erogeneity, eg, different molecular defects resulting in 
similar anatomical lesions. 

We have reported that the deoxypyridinoline (deoxy- 
Pyr) content is elevated as a ratio to hydroxylysine in skin 
from most patients with AAA disease, by comparison with 
atherosclerotic controls. Since the formation of cross- 
links in the collagen depends on the interactions of correct 
sequences of amino acids that are aligned in register at the 
cross-link sites, a genomic explanation for a cross-link 
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abnormality might be approachable through separation of 
the cyanogen bromide (CB) peptides of collagen for char- 
acterization of the cross-link domains. Also, since the Pyr 
cross-link has been assigned as an interaction between two 
CB 6s and a CB 5 of a-1 (I) chains," a specific hypothesis 
testable by the present approach is that overexpression of 
the Pyr eross-link might occur as a consequence of under- 
representation of a-2 (I) chains in the matrix. Finally, 
potential explanations for the increase in deoxy-Pyr con- 
tent are possible where the primary structure is not an 
issue. For example, Pyr-type cross-links may be features 
of less mature collagens,” so elevation might be a secondary 
manifestation of increased turnover. In other words, if the 
peptides are being more rapidly degraded by a protease, 
an increase in deoxy-Pyr content might simply reflect 
immaturity of a newly synthesized replacement matrix. 
These considerations provide the rationale for the present 
experiments. 


MATERIALS AND METHODS 
CB Digests, High-Performance Liquid Chromatography 
(HPLC) Gradients, Gel Separations 


Skin biopsy specimens were obtained with informed consent 
from patients who were undergoing an operation for complications 
of atherosclerotic occlusive disease or for repair of AAA disease. 
Ten control (atherosclerotic) and 20 AAA specimens were pro- 
cessed. Soluble proteins were extracted from the samples with 
8 mol/L of urea at 4°C for 24 hours; the insoluble material was 
dialyzed for ten days at 4°C against diluted acetic acid (0.5 mol/L) 
before lyophilization. Fifty milligrams of insoluble collagen was 
suspended in 7096 formic acid overnight and then digested with 
CB (15/1 wt/wt) for one hour at 37°C. The CB-soluble peptides 
were separated by reversed-phase HPLC with a peptide column 
(Vydac) and a gradient of acetonitrile with heptafluorobutyric 
acid as the ion-pair agent, as described by van der Rest and 
Fietzek.'* A typical HPLC separation is shown in Fig 1 (top). The 
HPLC peaks 2 through 10 were then run on NaDodSO,-PAGE 
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis) (12%, 
Laemmli buffers) to achieve separation in a second dimension. 
The gel illustrated in Fig 1 (bottom) shows resolution of the HPLC 
peaks, along with standards for the a-l and a-2 (I) chains. The 
lane *W" shows the whole CB digest, without preliminary HPLC 
separation. The arrow indicates the peptide in HPLC peak 8 that 
we call “8x.” Subsequent separation of 8x from other components 
of peak 8 was achieved by substituting trifluoroacetic acid for 
heptafluorobutyric acid as the ion-pair agent, as also described by 
van der Rest and Fietzek.'* 
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Fig 1.—Top, High-performance liquid chromatography (HPLC) 
separation of cyanogen bromide (CB) peptides from human skin. 
UV210 indicates ultraviolet absorbance. Bottom, NaDodSO,-PAGE 
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis) 
separations of HPLC peaks, with numbering of gel lanes to 
correspond with HPLC peaks from Fig 1, top. CB digests of a-1 (I) 
and a-2 (l) chains are labeled a-1 and a-2, respectively. Lane 
labeled W is a whole CB digest of human skin without previous 
HPLC separation. Arrow indicates peptide 8x. 


Assignment of Standards 


Figure 2 illustrates similar separations of CB-cleaved a-1 and 
a-2 (I) chain standards from rats. The peaks and lanes are 
numbered to correspond with the homologous peptides of the 
more complex mixture illustrated in Fig 1; by comparison of Figs 
1 and 2, it is possible to assign several of the bands in the complex 
mixture unambiguously. For example, a-1 CB 6 is in peak 4; a-1 
CB 7 and 8 are in peak 5; and a-1 incomplete cleavage products 
are in peaks 6 and 7. The major a-2 peptides, CB 3, 4, and 5, have 
a mobility slightly slower in the gel than a-1 CB 7 and 8; they 
occur in peaks 7 and 8. 

Bovine type I collagen (which has no cleavage site between a-2 
CB 3 and CB 5) has also been studied (gel not shown), and this 
analysis allows assignment of a-2 CB 4 as the lower of the two 
major bands in peak 7. The incomplete cleavage product a-2 CB 
3.5 is the major band of peak 9. On the basis of the relative 
molecular masses for the remaining peptides,'*? the upper of the 
two major bands in peak 7 may be assigned as CB 5 (relative 
molecular mass [M,], 29.4 kilodalton [kd]); the major band of peak 
8is CB 3 (M,, 28.0 kd). 
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Fig 2.—Top, High-performance liquid chromatography (HPLC) 
separation of cyanogen bromide (CB) peptides from purified a-1 
and a-2 chains from rat. UV210 indicates ultraviolet absorbance. 
Bottom, NaDodSO,-PAGE (sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis) separations of HPLC peaks from rat standards, 
with numbering of gel lanes to correspond with HPLC peaks and 
gel lanes in human CB peptide separations. Lanes labeled a-1 and 
a-2 are CB digests of rat standards without previous HPLC 
separation. Curved arrow in lane 8 indicates very faint band in 
a-2 standard that may correspond with peptide 8x. 


Pepsinization 


Fifty milligrams of insoluble lyophilized collagen was suspended 
in 1 mL of 0.5-mol/L acetic acid to swell overnight at 4°C in an 
Eppendorf tube. Pepsin (5 mg) was added to each sample, and 
incubation was carried out for 24 hours at 4°C. The reaction was 
terminated by neutralization with sodium hydroxide. Soluble 
proteins were recovered after centrifugation. Separations were 
accomplished as above with the Laemmli system on 4% PAGE. 


Amino Acid Analyses 


Acid hydrolysis was performed at 110°C in 6N hydrochloride 
with 0.2% phenol, and analysis was performed with precolumn 
derivatization to phenylcarbamyl amino acids that were chromato- 
graphed on two columns (Nova Pak) by HPLC. 


Densitometry, Calculations, and Statistics 


Densitometry was performed on a transmission densitometer 
(E-C 910), with integration on a reporting microcomputer (Hew- 
lett-Packard 3390a). The ratio of the densitometric area of 
a-2 CB 5 to the combined areas of a-1 CB 7+8 was calculated for 
each gel (Table 1). To calculate an a-2/a-1 chain ratio, the reported 
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Table 1.—Mean Ratios of Densitometrically 
Determined Areas* 


Mean 
Ratio, 
3/7+8 








SEM 








Controls 
Patients with 
AAA 


disease 


*Mean ratios are for a-2 cyanogen bromide 5/a-1 cyanogen bromide 7 +8 
peptides in controls vs patients with abdominal aortic aneurysmal (AAA) 
disease. Statistical significance, P=.01 (by Mann-Whitney U and Student's 
t tests). 


Table 2.—Amino Acid Composition of Peptide 8x in 
Residues per 1000 


Amino Acid Residues/1000 


Asparagine 
Glutamine 
Hydroxyproline 
Serine 
Glycine 
Histidine 
Arginine 
Threonine 
Alanine 
Proline 
Tyrosine 
Valine 
Isoleucine 
Leucine 
Hydroxylysine 
Phenylalanine 
Lysine 





ratio is doubled since the a-1 chain is represented by two combined 
peptides; the denominator is solved for a numerator of 2. Student’s 
unpaired £ test and the Mann-Whitney U test were employed for 
tests of statistical significance. 


a,-Antitrypsin Phenotypes 


Phenotypes were determined by the Center for Blood Research, 
Blood Grouping Laboratory, Boston. 


RESULTS 


The abnormalities detected could be classified into the 
following three groups. 


Peptide 8x (Group 1) 


Four patients with AAA disease were noted to be 
deficient in the peptide of approximately 58 kd that we 
have named 8x, by comparison with the controls. This 
finding was conspicuous, because a higher molecular weight 
peptide (approximately 82 kd) was present in peak 8 in 
these patients. Figure 3 is a gel on which peak 8s were 
loaded from four control patients (A through D) and two of 
the patients with AAA disease who had the abnormality 
of 8x (E and F). The open arrow in Fig 3 indicates 8x; the 
solid arrow indicates the higher relative molecular mass 
peptide. The triangle in Fig 3 indicates a-2 CB 3. The 
peptide 8x was separated from a-2 CB 3 by HPLC, and its 
amino acid composition is given in Table 2. 


Ratios of a-1/an2 CB Peptides (Group 2) 


We focused on the péptide 8x because its density was 
easily compared with the higher relative molecular mass 
species in'the same lane of the gel. Considering that a 
possible explanation for the overabundance of a Pyr-type 
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Fig 3.—Gel separations of peak 8s purified by high-performance 
liquid chromatography from four controls (lanes A through D) and 
two patients with abdominal aortic aneurysmal disease (lanes E 
and F). Solid triangle indicates a-2 cyanogen bromide 3 (1); open 
arrow, peptide 8x; and solid arrow, higher Mr peptide of approxi- 
mately 82 kd that is more conspicuous in patients with abdominal 
aortic aneurysmal disease. 


cross-link might be an underexpression of the entire a-2 
chain, attention was directed to more subtle abnormalities 
in the gels. Specifically, seven patients with AAA disease 
had fainter a-2 bands in their gels (CB 3 through 5) than 
expected from the density of the major a-1 bands (CB 7 
and 8), on the basis of comparison with the controls. Figure 
4 illustrates a control and a patient with AAA disease 
where this difference is obvious (slowing the HPLC gradi- 
ent to improve the separations results in an increased 
number of peaks and gel lanes). 

Documentation of this phenomenon was obtained densi- 
tometrically by comparing the ratio of the computer- 
integrated area of the a-2 CB 5 band to the areas of the 
a-2 CB 7+8 bands in five control vs seven AAA gels (Table 
1). These data allow calculation of an a-2/a-1 ratio for 
controls and patients with AAA disease. The controls 
calculate to 1.04/2 (close to the predicted 1/2); while the 
AAA disease group calculates to 0.16/2. The difference in 
the groups was statistically significant by both parametric 
and nonparametric tests (Table 1). 


Pepsinization and Protease Inhibitor 
(Z Allele) (Group 3) 


Figure 5 illustrates separation of the a-1 and a-2 chains 
in a control (A) and five patients with AAA disease (B 
through F) after pepsinization. Patients B and C were two 
of the four with deficiency of the peptide 8x, while patients 
D and E were among those with deficiency of a-2 CB 
peptides. In Fig 5, the normal density of the a-2 band 
(solid arrow) in these patients rules out underexpression 
of the entire a-2 chain as an explanation for the other 
abnormalities. It is interesting that the a-2 chain is slightly 
faster in mobility in these four patients than in the control. 
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Fig 4.—Gel separations of high-performance liquid chromatogra- 
phy peaks from control (A) and patient with abdominal aortic 
aneurysmal disease (B) who had relative deficiency of a-2 cyano- 
gen bromide (CB) peptides. Solid diamonds indicate a-1 CB 7 and 
8 in both gels; open diamond, lane with a-2 CB 5 and 4 peptides 
in control; and open circle, lane with major a-2 CB 3 band. 


Collagen from patient F was pepsinized contemporane- 
ously with the other specimens from the same starting 
weight of lyophilized material (Fig 5). The bands are faint 
(although the mobility of the a-2 chain is the same as the 
control vs the other four patients with AAA disease), 
suggesting that the sample proteolyzed in vitro. Patient F 
was found to be heterozygous for the Z allele of a,- 
antitrypsin (MZ). 

COMMENT 
Significance of 8x Abnormality (Group 1) 


The most plausible explanation for the relative deficiency 
of the peptide 8x in some patients with AAA disease is 
that there is incomplete cleavage of the 82-kd peptide noted 
in the same gels. One possibility is that this represents a 
trivial variation in completeness of cleavage (although it 
was repeatable), and the other possibility is that a point 
mutation might interfere with the CB cleavage site. Pres- 
ence of a faint band in the position of the peptide 8x is not 
inconsistent with the hypothesis of a mutation in AAA 
disease, since heterozygosity may be assumed, and some 
normal gene product should be available for complete 
cleavage. 

The amino acid composition of the peptide 8x suggests 
that it may be derived from the a-2 (I) chain, since the CB 
peptides of the a-1 chain do not contain sufficient valine to 
account for the abundance of valine in the empirical 
composition of 8x.?' To evaluate the question of whether 8x 
could be assigned as an incomplete cleavage product vs a 
cross-linked peptide, a spread sheet was designed, follow- 
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Fig 5.—Gel separation of pepsinized collagenous peptides from 
control (lane A) and five patients with abdominal aortic aneurysmal 
(AAA) disease (lanes B through F). Solid arrow indicates a-2 (l) 
chain, which has slightly faster mobility in gel in patients B through 
E with AAA disease than in control (A) or patient F; open arrow, 
position of the a-1 (I) chain; and curved arrows, bands in control 
that were not detected in patients with AAA disease. There was 
conspicuous deficiency of all collagenous peptides in preparation 
from patient F that was worked up contemporaneously and from 
same starting weight as others. Patient F was heterozygous for Z 
allele (phenotype MZ) of «,-antitrypsin (see text). 


ing the approach of Scott and Veis, to compute the 
composition in residues per 1000 of all theoretically possible 
combinations of cross-linked peptides and incomplete 
cleavage products within the molecular weight range under 
consideration. Because of similarities in many of these 
compositions, it is not possible to make an unambiguous 
assignment of 8x, so definitive identification will require 
analysis by sequencing. 


Decreased Ratio of a-2 to a-1 Chain CB Peptides (Group 2) 


Relative deficiency of a-2 chain CB peptides observed in 
several patients led to the hypothesis that underexpression 
of the entire a-2 chain might be occurring on the basis of a 
mutation in the a-2 procollagen gene, so that the patients 
might be synthesizing an excess of a-1 trimer. This possi- 
bility was ruled out by the pepsinized preparations, since 
a-2 was present in normal density Since mammalian 
collagenase has greater gelatinolytie activity against the 
a-2 than the a-1 chain in denatured collagens,” and since 
the CB digests were carried out under denaturing condi- 
tions, a “minimal hypothesis” to explain the data is that 
collagenase activity is either increased or underinhibited 
by a natural antiprotease in the digests of the group 2 
patients with AAA disease. Since c ase binds tightly 
to collagen, it is possible t j 
insoluble matrix. Overabundąi 
link, as previously descri 
reflect immaturity of a newl 











a 
\ 


`A 







Pepsinization and Protease Inhibitor 
(Z Allele) (Group 3) 


Patient F provided observations that allow a synthesis 
of concepts relating the significance of abnormalities of 
collagenous peptides in the gels and the possibility of an 
underlying deficiency condition in protease inhibition. This 
patient had evidence for proteolysis of both a-1 and a-2 
chains in vitro, and he was also found to be heterozygous 
for a deficiency allele of «,-antitrypsin (phenotype MZ). A 
subset of patients have recently been reported with de- 
creased activity of a,-antitrypsin in aortic specimens, and 
this group of patients had other peripheral aneurysms in 
addition to AAA disease.* Interestingly, patient F also had 
bilateral popliteal artery aneurysms. 


CONCLUSIONS 


Other investigators have reported measurable increases 
in the activity of serum and tissue proteases in AAA 


disease,** while we have pursued the possibility that AAA 
disease may be traceable to mutations in the primary 
structure of collagen. The most conservative interpretation 
of our present findings is that they indirectly support the 
hypothesis of excessive proteolysis as the most relevant 
general theory of AAA disease, although a mutation in 
primary structure has not been ruled out in all patients 
with abnormal collagenous CB peptides (group 1). The 
differences in the patterns of the group 2 patients vs the 
group 3 patient suggest that heterogeneity occurs in AAA 
disease and that there will be at least two molecular forms 
of the disease. 


This study was supported by grant RO-1 29325 from the National 
Institutes of Health, Bethesda, Md. 
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standards from rats for this study. 
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Discussion 


WiLLiAM AszBorr, MD, Boston: Dr Tilson really has been the 
pioneer in this field, and for nearly ten years he has been struggling 
with the concept that aneurysm disease is actually not just a 
garden-variety variant of atherosclerosis, but that it has a genetic 
and biochemical basis. I am convinced that the collagen structure 
itself and changes in that structure are a very important part of 
the etiology of aneurysm disease. I think that the collagenase 
aspects are probably also very important. The work of my 
colleagues and me in analyzing biological grafts that are, in 
essence, collagen tubes that do become aneurysmal shows that 
there are varying susceptibilities from collagenase of the collagen 
structure itself. Using ultrasound, we have studied aneurysms 
that form in grafts in humans and have found a distinct pattern of 
change in the mechanical structure of the grafts themselves. By 
studying similar grafts in vitro, and by exposing them to collagen- 
ase, we have found similar patterns of change. This implies that 
there is a differential susceptibility of the collagen to collagenase, 
which then is responsible for the formation of an aneurysm. Grafts 
and innate aneurysms are certainly not the same thing, but I think 
the parallels are present. All the work that has been described in 
this study by Tilson and Roberts has been done on skin. Skin is 
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primarily type I collagen. If I am correct, I believe that the aorta 
has a mixture of type I and type III collagens. Have the authors 
done any work on aortic tissue itself? Could some of their results 
be explained by the fact that they really have not had an analysis 
of the type III collagen? 

Dn Titson: Dr Abbott, the aorta does have a substantial amount 
of type III collagen. Some of the bands that are shown on the last 
gel may be type III a chains. It would, of course, be interesting 
to look at the aorta itself, in addition to skin. It is always difficult 
to know which changes are primary and which ones are secondary 
in aneurysmal tissue, but I am sure that we will get to studying 
the aorta directly in the future. 

Type III collagen is primarily a stretch collagen, and type I 
collagen is more of a load-bearing collagen. So, just intuitively, 
one hunch would be that it is the type I collagen that is the 
problem and not the stretch collagen, but that is certainly only a 
speculation. It is also possible that there are important interrela- 
tions between type I and III collagens. One group has reported 
the presence of a peptide that is a cross-linked form between type 
I and type III, so there are several levels of potential interaction. 
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Vascular Complications of Percutaneous 


Femoral Cardiac Interventions 


Incidence and Operative Repair 


John J. Skillman, MD; Ducksoo Kim, MD; Donald S. Baim, MD 


e Of 7333 patients undergoing percutaneous left-heart cath- 
eterization procedures during a seven-year seven-month pe- 
riod, 73 patients (1%) underwent 75 operative repairs of 
catheterization-related vascular complications. The overall 
incidence of operative repair varied according to the type of 
percutaneous femoral artery procedure performed: 0.6% for 
diagnostic heart catheterization, 0.9% for percutaneous trans- 
luminal angioplasty, 5.2% for transfemoral balloon valvulo- 
plasty, and 11.5% for intra-aortic balloon pump placement. 
This suggests that (1) femoral and iliac artery occlusions can 
and should be repaired promptly while the patient is under 
local anesthesia; (2) false aneurysms in this clinical setting 
can be approached directly through the aneurysm cavity; (3) 
the diagnosis of false aneurysm or arteriovenous fistula can 
usually be made on clinical grounds alone, without resorting 
to angiography; (4) venous or arterial patch angioplasty is the 
preferred technique for small or severely traumatized femoral 
arteries; and (5) the necessity for operative repair of these 
lesions will continue to increase in frequency as percutaneous 
cardiologic diagnostic and therapeutic interventions are used 
more widely. 

(Arch Surg 1988;123:1207-1212) 


he growing popularity of percutaneous catheter tech- 
niques for the diagnosis, temporary support, and de- 
finitive treatment of patients with coronary artery and 
valvular heart diseases provides a continuing challenge to 
the vascular surgeon because of the variety of local arterial 
problems that can occur as a complication of these proce- 
dures. 
The purpose of this study was to examine our experience 
in the operative repair of these lesions over a seven-year 
seven-month period (Jan 1, 1980, to July 31, 1987). 


MATERIALS AND METHODS 


The records of all patients who were operated on for complica- 
tions of percutaneous transfemoral cardiac interventions between 
Jan 1, 1980, through July 31, 1987, at Beth Israel Hospital, 


Boston, were reviewed. Patients operated on for complications of 
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diagnostic or therapeutic angiographic procedures performed by 
the Department of Radiology were excluded, as were patients 
who were operated on for complications of intra-aortic balloon 
pumping in which placement had been performed by an open 
operation using a Dacron sleeve graft. 

All percutaneous cardiac procedures were performed by trainees 
of the Cardiovascular Division under the supervision of senior 
members of the invasive cardiology staff, almost exclusively via 
the femoral arterial Judkins technique,'* using arterial- and 
venous-introducing sheaths. 

Four types of percutaneous cardiac interventions were analyzed: 
diagnostic heart catheterization, percutaneous transluminal cor- 
onary artery angioplasty, intra-aortic balloon pumping, and per- 
cutaneous balloon valvuloplasty. Patients undergoing diagnostic 
heart catheterization received heparin sodium (5000 U intrave- 
nously), which routinely was reversed with protamine sulfate 
(50 mg) before removal of the arterial sheath at the end of the 
procedure. Patients undergoing percutaneous coronary angio- 
plasty had their sheaths left in place with additional intravenous 
heparin sodium infusion (approximately 1000 U/h) for 18 to 24 
hours after the procedure. Patients undergoing percutaneous 
valvuloplasty were given heparin sodium (5000 to 10000 U) 
followed by continuous intravenous infusion for four to six hours. 
Patients were given aspirin (325 mg/d) and dipyridamole 
(200 mg/d) orally before and after either angioplasty or valvulo- 
plasty procedures. Patients who had intra-aortic balloons placed 
received 5000 U of heparin sodium followed by a continuous 
intravenous heparin infusion that was almost always discontinued 
immediately after cardiac surgery. 

Most diagnostic left-heart catheterizations were performed 
using 7-F catheters inserted through 8-F sheaths (9-F outside 
diameter [OD]). Percutaneous angioplasty was performed using 8- 
or 9-F guiding catheters inserted through 9-F sheaths (10-F OD). 
Percutaneous valvuloplasty was performed using 12- or 14-F 
sheaths or percutaneously inserted catheters of equivalent size. 
Intra-aortic balloon pumping was performed with a 10.5- or 12-F 
balloon inserted through an 11.5- or 13-F sheath (12.5- or 
14-F OD). 

Vascular surgical consultation was requested by members of the 
cardiologic staff whenever a major femoral or iliac artery compli- 
cation was suspected. 


RESULTS 


Seventy-five operations were performed on 73 patients 
for correction of vascular complications during the seven- 
year seven-month period of this review. A total of 7333 left- 
heart catheterizations were performed, including 5431 
diagnostic catheterizations, 1747 coronary angioplasties, 
155 balloon valvuloplasties, and 209 intra-aortic balloon 
insertions. Ninety-four percent of the patients undergoing 
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vascular surgery had coronary artery disease as the pri- 
mary indication for the procedure, while 6% of the patients 
had purely valvular heart disease. Diabetes was present 
in 14% and obesity was present in 28% of the patients 
studied. Fifty-eight percent of the patients were male and 
42% were female. The mean age of the patients was 68 
years (range, 35 to 89 years). 

There has been growth in both diagnostic and therapeutic 
interventions during the period of study (Table 1). Based 
on an extrapolated projection for 1987, the total number 
of left-heart catheterizations will be more than double the 
1984 total (1956 vs 971 procedures) and more than six times 
that of 1980 (Table 2). The number of operations performed 
for each type of cardiac intervention and the percent of 
operations as a function of the total number of procedures 
in each category are shown in Table 2. The yearly percent- 
age trends (Fig 1) indicate an increased probability that 
operative repair will be required as one proceeds from 
diagnostic catheterization (0.6%) to angioplasty (0.9%) to 
valvuloplasty (5.2%) to intra-aortic balloon pumping 
(11.5%). Table 3 shows the increasing number of operative 
repairs being performed each year and the percent of these 
operations as a function of the total number of left-heart 
catheterizations. The 1980-1987 mean percent of operations 
to total left-heart catheterizations was 1.0%. 

Vascular complications included predominantly (88%) 
false aneurysms (n=33), arteriovenous fistulas (n= 10), 


Table 1.—Percutaneous Cardiac Interventions* 


LHC DX CATH PTCA VP 


19871 1142 
Total 7333 
*LHC indicates left-heart catheterization; DX CATH, diagnostic heart 
catheterization; PTCA, percutaneous coronary angioplasty; VP, valvulo- 


plasty; and IABP, intra-aortic balloon pumping. 
tincludes seven months from Jan 1, 1987, to July 31, 1987. 





Table 2.—Operative Complication Rates for Specific Cardiac 
Interventions* 


DX CATH PTCA VP IABP 
0/319 A EN 
1/485 (0.2) 0/4 em 1/16 (6.2) 

1982 1/689 (0.1) 0/40 Us 0/18 

1983 2/753 (0.3) 1/16 (08)  ... 5/29 (17.2) 

1984 6/768 (0.8) 1/208 (05)  ... 4/20 (20.0) 


4/773 (0.5) 2/445 (0.4) 0/2 


1981-July 
1987 


*Values represent number of complications/number of procedures 
(percent complications). DX CATH indicates diagnostic heart catheterization; 
PTCA, percutaneous coronary angioplasty; VP, valvuloplasty; IABP, intra- 
aortic balloon pumping. 


30/5431 (0.6) 17/1747 (0.9) 8/155 (5.2) 20/209 (11.5) 
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and arterial occlusion (n— 23) (Table 4). Most (19 of 23) 
arterial occlusions occurred in patients undergoing either 
intra-aortic balloon pumping (n=17) or valvuloplasty 
(n 2). On the other hand, most (29 of 33) false aneurysms 
occurred in patients undergoing either diagnostic cardiac 
catheterization (n=19) or percutaneous angioplasty 
(n=10). 

The types of operations performed are shown in Table 5. 
Simple arterial repair (interrupted suture technique) was 
all that was required in 73% of the patients. One patient 
who had a simple arterial repair required reoperation with 
placement of a venous patch to maintain patency of the 
femoral artery. 

The operative complication rate of arterial repair was 
20%, including three deaths (Table 6). Ischemic neuropathy 
occurred because of a delay in repairing a femoral and iliac 
artery occlusion caused by balloon counterpulsation in two 
patients. Six patients had a seroma or hematoma that 
required aspiration or caused morbidity because of contin- 
ued drainage or breakdown of the wound. Three patients 
required reoperation. One patient required reoperation 
because of bleeding from a retroperitoneal artery after a 
primary operation for laceration of the iliac artery with 
acute hemorrhage. A second patient required reoperation 
for recurrent femoral artery occlusion that was corrected 
by saphenous venous patch angioplasty. The third reop- 
eration was performed because of persistent ischemia of 
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Mean 1981-1987 


Fig 1.—Percent of operative complications per cardiac intervention 
by year. IABP indicates intra-aortic balloon pumping; VP, valvulo- 
plasty; PTCA, percutaneous transluminal coronary angioplasty; 
DX CATH, diagnostic heart catheterization. 
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the leg caused by extensive chronic distal arterial occlusion 
that had not been adequately assessed at the time of the 
original procedure. None of the three deaths was related 
directly to the operative procedures performed (Table 6), 
and none of the surviving patients developed partial or 
complete loss of a limb. 


COMMENT 
Incidence 


The risk of femoral arterial injury from cardiac catheter- 
ization has been variously estimated to be between 0.6% 
and 17%.** The necessity for reconstructive arterial repair 
in our series of 7333 left-heart catheterizations performed 
over a seven-year seven-month period was 1.0%. While 
routine use of systemic heparinization reduces the inci- 
dence of catastrophic thromboembolic complications of the 
percutaneous femoral arterial approach for cardiac cathe- 
terization,*? and may have a beneficial effect on preventing 
femoral artery occlusion,? it may increase the risk of 
delayed hemorrhage. 

The need to operate on patients with percutaneous 
transfemoral arterial catheterization varies between 0.6% 
in patients undergoing diagnostic catheterization and 0.9% 
in patients undergoing percutaneous transluminal coro- 
nary artery angioplasty, to 11.5% in patients undergoing 
placement of intra-aortic balloon catheters. Percutaneous 
cardiac valvuloplasty has an intermediate 5.2% risk for a 
vascular complication requiring operative repair. In our 
previous 30-month prospective study of percutaneous in- 
tra-aortic balloon insertions, we reported a 14.5% inci- 
dence of vascular surgery, with risk factors including (1) 
the presence of diabetes (risk ratio, 2.0), (2) the presence 
of peripheral vascular disease (risk ratio, 1.9), (8) female 
gender (risk ratio, 1.8), and (4) the presence of a postin- 


Table 3.—Operative Complications by Year and as Percent of 
Left-Heart Catheterizations (LHCs)* 


No. of Operative 
Year Complications 


Operative Complications 
as Percent of Total No. of LHCs 


*Left-heart catheterization = diagnostic catheterization + percutaneous 
angioplasty + valvuloplasty. 
Tincluded seven months from Jan 1, 1987, to July 31, 1987. 


Hematoma 


2 








sertion ankle brachial Doppler pressure index less than 0.8 
(risk ratio, 7.9). 

False aneurysms (44%) and arteriovenous fistulas (13%) 
accounted for 57% of the total operations performed. 
Although arteriovenous fistulas are usually considered to 
be a rare complication of arterial puncture for cardiac 
catheterization,’ we have now repaired ten, two of which 
were associated with a false aneurysm. 


Diagnosis 


Although the diagnosis of false aneurysm of the femoral 
artery can be established with certainty by angiography 
(Fig 2), the presence of a bruit and a pulsatile mass over 
the femoral artery almost always correctly identifies the 
problem without subjecting the patient to the hazards of 
an additional arterial puncture and contrast angiography. 
Ultrasound is not particularly helpful, because it may be 
falsely negative in false aneurysms with a small liquid 
blood-filled cavity, and the diagnosis is rarely uncertain in 
larger ones. Similarly, the diagnosis of femoral arteriove- 
nous fistula is readily made by the presence of a continuous 
bruit and/or thrill over the femoral artery. While angiog- 
raphy will substantiate the presence of a communication 
(Fig 3), the procedure is unnecessary and frequently fails 
to locate the precise site of the arteriovenous communica- 
tion. ° 

The diagnosis of laceration of the femoral or iliac artery 
was almost always evident immediately to the cardiology 
team. In these instances—most common in the valvulo- 
plasty group (three of six cases)—the patients were taken 
immediately to the operating room for repair because of 
bleeding that could not be controlled by manual compres- 
sion. 

The diagnosis of arterial occlusion also can be made by 
clinical criteria. A lack of sensation and motor power in the 
foot are compelling reasons for immediate repair. Reduc- 
tion in distal pulses or Doppler pressure indexes was a 
useful indication for exploration of the femoral artery only 
after the arterial sheath had been removed, because the 
arterial sheaths alone can frequently cause enough arterial 
obstruction to obliterate the pulse wave. Of the patients 
selected for operation based on their clinical criteria, 
angiography might have prevented a reoperation in only 
one patient who was found to have a hematoma at the time 
of surgery. 


Causes 


The factors contributing to arterial complications are 
multiple and include (1) the size of the catheter or sheath 
(and associated hole in the artery), (2) the associated use 
of anticoagulant and/or antiplatelet drugs before and after 
the procedure, (3) the site and method of the arterial 
puncture, (4) the extent of local femoral and iliac artery 
atherosclerosis, and (5) the presence of obesity. A 14-F 


Laceration Arterial Total No. of 
With Bleeding Occlusion Operations 


2 30 


*AV indicates arteriovenous; DX CATH, diagnostic heart catheterization; PTCA, percutaneous coronary angioplasty; VP, valvuloplasty; and IABP, intra- 
aortic balloon pumping. 
tTwo patients with femoral AV fistula also had an associated false aneurysm but were counted in the statistics as having AV fistulas. 
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Table 5.—Types of Operative Repair 


Type of Operation No. of Operations 
55 


Simple arterial repair 
Thrombectomy 10 
Thrombectomy and venous or femoral 
arterial patch angioplasty 6 
Thrombectomy and cross-femoral graft 2 
2 
5 


Evacuation of hematoma 


Table 6.—Complications of Operative Repairs 


Complication No. of Patients 


Ischemic neuropathy (delay in repair) 2 
Seroma/hematoma 6 
Reoperation 
Continued ischemia—distal disease 
Recurrent bleeding after iliac arterial repair 
Recurrent femoral arterial occlusion 
Total No. of Reoperations 
Pulmonary embolus 
Deaths* 
Renal, respiratory failure, myocardial infarction 1 
Urinary tract sepsis due to neoplasm 
Attempted percutaneous VSD closure 
after failed operative VSD closure 1 
Total No. of Deaths 3 
Total No. of Complications and Deaths 





-à Q) — — — 





*VSD indicates ventricular septal defect. 





Fig 2.—Angiogram of false aneurysm of femoral artery showing 
filling of false aneurysm cavity. 


sheath creates a nearly 5-mm hole in the femoral artery— 
a large hole that may fail to stay persistently closed, 
especially in the face of multiple anticoagulant drugs. 
When the arterial puncture is located on the medial or 
lateral side of the artery, direct compression is difficult 
(especially in the obese patient), and a sizable hematoma 
may develop that makes adequate manual control even 
more difficult. The common practice of performing through- 
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Fig 3.—Angiogram of arteriovenous fistula of femoral artery 
showing early filling of femoral vein. Precise site of fistula is not 
identifiable. 


and-through arterial puncture (Seldinger technique) may 
encourage the formation of an arteriovenous fistula by 
uniting an overlying artery and vein in a single needle 
tract. This may occur when the puncture is through a vein 
that lies more superficial to the artery (Fig 4, sites A and 
B) or when the puncture is directed from lateral to medial 
(Fig 4, sites C and D). The sites of these fistulas are 
variable (Fig 4) and may involve the lateral femoral cireum- 
flex tributary of the saphenous vein, the profunda femoris 
artery and vein, the common femoral artery and vein, or 
the femoral artery and vein. Although the cardiologist's 
intent is to puncture the common femoral artery, inadver- 
tent puncture of the superficial femoral artery is more 
likely to result in arterial occlusion because of the smaller 
size and greater extent of atherosclerosis typically present 
in this artery An occlusion is especially likely to occur 
when intra-aortic balloon catheters or valvuloplasty cath- 
eters are used, because of the occlusive nature of these 
large catheters. 


Technical Considerations 


Local anesthesia (0.596 lidocaine hydrochloride) with 
standby support from the Department of Anesthesia was 
used for all except six patients. Three patients had an 
intra-aortic balloon catheter removed at the end of a cardiac 
surgical procedure, and one patient had a femoral artery 
thrombectomy and vein patch angioplasty for a balloon- 
related occlusion that occurred six weeks before the coro- 
nary artery bypass procedure. Two additional patients had 
general anesthesia when a cross-femoral bypass graft was 
required to improve arterial inflow. We believe that local 
anesthesia is the anesthesia of choice in this patient 
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Fig 4.—Sites of femoral arteriovenous fistulas (A, B, C, and D; see 
"Comment" section for explanation). Slightly lateral position of 
profunda femoris artery is present in 76% of patients." 
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Femoris Artery 1 
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Fig 5.—Traditional method of proximal and distal arterial control 
of common femoral and femoral arteries above and below false 
aneurysm. Profunda femoris is not controlled because aneurysm 
overlies this vessel. 


population that frequently has unstable cardiac conditions 
that might increase the risk of general endotracheal anes- 
thesia. 

Early in the study period, proximal and distal arterial 
control always were obtained before entering the false 
aneurysm cavity (Fig 5). It is, however, unusual to be able 
to control the profunda femoris artery so that it is still 
frequently necessary to apply gentle tangential finger 
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Fig 6.—Intracavitary control of false aneurysm by finger pressure 
is followed by proximal and distal control within false aneurysm 
sac before arterial repair is performed. 


pressure over the arterial puncture site to achieve hemo- 
stasis. In the last two years, direct incision into the false 
aneurysm cavity, evacuation of the hematoma, and tangen- 
tial finger pressure over the hole in the artery followed by 
proximal and distal control within the false aneurysm sae 
has been found to shorten the duration of the operation 
(Fig 6). We now practice this method of control preferen- 
tially in catheter-induced false aneurysms of the femoral 
artery. False aneurysms should be repaired shortly after 
their recognition, because the use of aspirin and dipyrida- 
mole may increase the risk of expansion and sudden rupture 
beyond their temporarily confined locations in ambulatory 
patients. Two thirds of the false aneurysms in this series 
originated from the common femoral artery, while the 
remainder originated from punctures in the femoral or 
profunda femoris arteries. 

Patients who have a small or diseased femoral artery, 
especially when the artery and its media have been dam- 
aged by repeated punctures of extensive manipulations of 
angiographic catheters or sheaths, may require a venous 
or arterial patch angioplasty to maintain a satisfactory 
arterial lumen. An endarterectomized, excised occluded 
femoral artery segment makes an excellent patch for this 
purpose if saphenous venous material is not available. 
Patch angioplasty of the common and/or femoral and 
profunda femoris arteries is necessary more often in the 
patients with complications of percutaneous intra-aortic 
balloon catheters, because of the severe local arterial wall 
trauma that is frequently present. 

Occasionally, only arterial repair is necessary in patients 
with femoral arteriovenous fistulas because of the low 
pressure present in the vein and the surrounding loose 
areolar tissue. When tributaries of the saphenous or 
profunda femoris veins were involved in the fistulous 
connection, ligation of the involved tributary vein was 
performed. Two patients with femoral arteriovenous fis- 
tulas presented with congestive heart failure six months 
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to one year after cardiac catheterization in one patient and 
after percutaneous aortic valvuloplasty in the other. The 
latter patient had a resting cardiac output of 7.9 L/min. 
Correction of the arteriovenous fistula was associated with 
prompt symptomatie and objective improvement of this 
patient's heart failure. 


Operative Complications 
of Arterial Repair 


Surgical complications of operative arterial repair oc- 
curred in 1646 of the patients. None was directly respon- 
sible for the three deaths (496 of the 73 patients). If the 
signs of severe arterial ischemia (loss of sensation and 
motor power) are heeded, ischemic neuropathy should be 
avoided completely by immediate surgical repair. One 
patient in our group developed neuropathy because the 
diagnosis of ischemia was not recognized, while a second 
patient had an ill-advised planned delay in surgical treat- 
ment that resulted in persistent neuropathy. Small seromas 
and hematomas were not uncommon, but six patients had 
either persistent drainage (probably of lymphatic origin) 
or required persistent needle aspiration. One patient's 
hematoma was associated with skin necrosis. This patient 
required readmission to the hospital for evacuation of the 
hematoma and open care of the wound. 

The need for repair of complications of percutaneous 
cardiac interventions will increase with the increasing use 
of invasive diagnostic and therapeutie cardiac interven- 
tions. This seems particularly apparent in patients who 
have percutaneous valvuloplasty or intra-aortic balloon 
catheter pumping. The indications for the insertion of an 
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intra-aortic balloon need to be balanced carefully against 
the risk of early coronary revascularization.* Refinement 
of the indications and careful scrutiny of the results of 
transfemoral balloon valvuloplasty may also indicate its 
ultimate role relative to open valve replacement. Efforts 
to design smaller catheters for both valvuloplasty and 
intra-aortic balloon pumping also should help to lower the 
incidence of the complications that we reported herein. 
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Discussion 


NaTHAN CoucH, MD, Boston: About 14 years ago we did a 
similar study, but at that time we did not have as many of these 
interventions to deal with. We had shown our manuscript to the 
cardiologists, and after it was published we noticed a significant 
decline in the complication rate. We cannot say there was a direct 
cause-effect relationship, but we think the report had a sobering 
influence. Have the authors seen any evidence for a similar change 
or better supervision of the residents and fellows in the suites? 

RosBERT Hopkins, MD, Providence, RI: We recently had the 
opportunity to study a number of false aneurysms in our laboratory 
with duplex scanning, and we think that this may well prove to be 
a useful device. On several occasions we have found aneurysms 
that seemed to have a rather long, small communication with the 
femoral artery. We have predicted, unwisely perhaps, that they 
would close and the ones we have seen so far have. As we gain 
more experience with duplex scanning, it may be a useful tool in 
trying to predict which ones need to have urgent repair and which 
ones can be watched, with a high likelihood of thrombosis and 
spontaneous cure. I was wondering if you had any experience with 
this form of diagnostic evaluation and whether you think that 
some of these aneurysms should be observed rather than operated 
on directly. 

RICHARD GusBERG, MD, New Haven, Conn: It might be good 
for the cardiology fellows or even the attending cardiologists to 
rotate through the angiography service because I think that many 
of these problems are related to the fact that the patients, 
particularly if they are obese, may be punctured too low in the 
groin. Many of these catheters enter into the superficial femoral 
or profunda artery and not the proximal common femoral artery. 
Tamponade by the inguinal ligament is easier to achieve. 

WiLLIAM Mackey, MD, Boston: We have recently changed our 
approach to this problem, especially in cases of aortic valvulo- 
plasty. In patients who are going to have a puncture of the femoral 
artery with anything larger than an 8-F introducer, we now 
perform an elective cutdown to the femoral artery in the catheter- 
ization suite. We have had no major complications with this 
approach. In our last 75 valvuloplasties, some of which employed 
double-balloon techniques where two introducers of up to 12-F 
are in the femoral artery simultaneously, we have had no major 
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morbidity. We have had one minor wound infection and no major 
arterial complications in these 75 patients. 

JOSEPH VAN DE Water, MD, Philadelphia: Do you have any 
protocol indicating the point at which you get involved in these 
cases? Is there such a thing as spasm? When you do get involved, 
would you then get an arteriogram to see if there is an obstructing 
lesion in the distal artery? 

Dr SKILLMAN: I would like to acknowledge Dr Couch’s early 
research in this field. I am not sure that we have seen a decline in 
the complication rate since we began to look at this. Perhaps we 
will when talking about it with the fellows more. 

Dr Hopkins asked about the duplex scan. It has been my 
experience with ultrasound that a large false aneurysm always 
shows up on ultrasound. A small one may not, because the liquid 
cavity that is in contact with the luminal aspect of the blood flow 
is not big enough. In these patients, I have not even suggested 
ultrasound. The possibility that some will close is an interesting 
one. I have seen this happen in at least two instances in patients 
who have femoral arteriovenous fistulas. The problem is that false 
aneurysms are potentially very unstable lesions that occasionally 
can rupture out of their confines. Then the patients really get into 
trouble, so I have been particularly aggressive about trying to fix 
them while the patients are in the hospital. 

Dr Gusberg asked about the cardiac fellows participating and 
seeing these procedures. I make an effort to have the responsible 
cardiac fellows come to the operating room to see what the lesions 
are and where their punctures are. 

Dr Mackey, the question about whether operative repair of the 
femoral artery punctures should always be done electively is an 
interesting one. Perhaps it is partly a manpower problem of 
whether a vascular surgeon is available to perform the surgery. 
Clearly, optimal control would be more precise with an open 
approach. 

Dr Van De Water asked about spasm. In my experience, spasm 
is rarely a problem. Ifthe foot is cold or there is a lack of sensation, 
the artery is almost always occluded. Angiography may be useful, 
particularly in those patients who present with delayed ischemia 
when you cannot be sure about the patient’s underlying disease. 
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Long-term Survival and Quality of Life 


Following Ruptured Abdominal 


Aortic Aneurysm 


Michael J. Rohrer, MD; Bruce S. Cutler, MD; H. Brownell Wheeler, MD 


e To document both the long-term survival and the quality 
of life of patients following surgery for ruptured abdominal 
aortic aneurysm (AAA), the records of 65 patients with rup- 
tured AAA resection were compared with those of 100 who 
underwent elective AAA resection. The actuarial survival 
following ruptured aneurysm surgery was 92%, 51%, and 51% 
at 1, 5, and 10 years, respectively, and did not differ statistically 
for patients after elective AAA surgery or for an age- and sex- 
matched sample from the general population. Based on re- 
sponses to a quality of life survey, there were no discernible 
differences in life-style, degree of independence, or produc- 
tivity following either ruptured or elective AAA surgery. Sur- 
vivors of ruptured AAA have an excellent long-term prognosis 
and expectation for a good quality of life. 

(Arch Surg 1988;123:1213-1217) 


t has been well documented that elective abdominal 
aortic aneurysm (AAA) resection prolongs life.'? As 
surgical mortalities for elective aneurysm resection have 
steadily improved over the last two decades, the cost- 
effectiveness of elective AAA resection has remained 
unchallenged. Furthermore, numerous studies document 
that the long-term survival for patients who have under- 
gone elective aneurysm resection is comparable with that 
of the general population,'* with a quality of life equal to 
that of their preoperative status in the majority of cases.^? 
On the other hand, the outcome of surgery for ruptured 
AAA is less encouraging. The operative mortality is sub- 
stantially higher than for elective surgery, averaging about 
50% in most series. Mortalities for ruptured aneurysms 
have not undergone the dramatic improvement associated 
with elective surgery in spite of the development of more 
sophisticated anesthetic and critical care management. 
Furthermore, the long-term prognosis for those patients 
fortunate enough to survive ruptured aneurysm resection 
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is less optimistic and is less well documented than for those 
patients surviving elective AAA surgery. For example, in 
one series, all patients over 80 years old who survived 
ruptured AAA repair were discharged to nursing homes.* 

In light of the current emphasis on the efficient use of 
health care resources and pessimism regarding the long- 
term survival and quality of life of survivors of ruptured 
AAA, the efficacy of this treatment has been rightfully 
questioned. The present study was undertaken to define 
the prognosis for long-term survival and to establish 
expectations as to the anticipated quality of life for survi- 
vors of ruptured AAA repair. 


PATIENTS AND METHODS 


The records of all patients who underwent resection of infrarenal 
AAAs by a single surgeon (B.S.C.) from September 1977 to April 
1987 were reviewed. A ruptured aneurysm was defined by the 
presence of either retroperitoneal or intraperitoneal blood at the 
time of laparotomy. All patients with ruptured AAA who arrived 
in the emergency room with detectable vital signs underwent 
operation and were included in this report. Patients who under- 
went urgent operation for symptomatic but unruptured aneurysms 
were excluded from further analysis. Operative mortality was 
defined as death occurring before discharge from the hospital, 
regardless of the elapsed time from surgery. 

Hospital bills were obtainable for only the most recent 2296 of 
patients with ruptured AAA and 16% of patients with elective 
AAA because of periodic purging of billing information. For each 
patient group, a linear regression equation was derived to estimate 
hospital cost based on diagnosis and length of hospital stay using 
the method of least squares. The statistical significance for the 
slope calculation for the elective AAA group was .0002, and for 
the ruptured AAA group .00002, indicating an excellent correla- 
tion between calculated and actual values. The surgeon’s fee was 
not included in the analysis of cost. 

Survival data were calculated from direct contact with the 
patients, clinic follow-up records, and information from families 
and referring physicians. Patients unavailable for follow-up were 
considered to be alive only up to the time of their last follow-up 
contact. 

Several surveys exist to assess objectively the quality of life in 
a qualitative fashion. A 16-item survey was adapted from the Self- 
evaluation of Life Function Scale!" because of its previous appli- 
cations in geriatric populations and its broad emphasis on physical, 
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Table 1.—Quality of Life Survey for Survivors of 
Abdominal Aortic Aneurysm (AAA) Resection* 


1. How has your health been in the . Very good 
last month? . Good 
. Poor 
. Very poor 


. Yes, with no help 

. Yes, with little help 
. Yes, with much help 
. No 


. Yes, with no help 

. Yes, with little help 
. Yes, with much help 
. No 


. Yes, independently 

. Yes, with a friend 

. No, too strenuous 

. No, cannot leave home 


. Yes, without help 

. Yes, with some help 
. Yes, but much help 
. Cannot do chores 


. Yes, without help 

. Yes, with some help 

. Yes, but much help 

. Cannot manage finances 


. Yes, without help 

. Yes, crutches, walker 
. Yes, with assistance 
. Cannot walk 


8. Do you have any physical . No 
handicap that limits your daily . Some limitation 
activities? . Much limitation 
. Severe limitation 


9. During the last month, how . None 
many days have you been sick in . 1-7 
bed? . 8-14 
. More than 14 


. Several times per week 
. Once per week 

. Few times per month 

. Rarely or never 


. Several times per week 
. Once per week 

. Few times per month 

. Rarely or never 


. Several times per week 
. Once per week 

. Few times per month 

. Rarely or never 


. Not at all 
. A little bit 
. Quite a bit 
. Extremely 


. Not at all 
. A little bit 
. Quite a bit 
. Extremely 


15. Do you feel as well as you did Yes 
before your aneurysm surgery? . Almost as good 
. No, not because of AAA 
. No, because of AAA 


Very effective 
. Needed repetition 
. Barely communicative 
. Unable to complete 


2. Are you able to use the 
telephone? 


3. Are you able to go places 
beyond walking distance? 


4. Are you able to shop for 
groceries and clothing? 


5. Are you able to do most of the 
chores that need doing around the 
house (cook, clean, laundry, 
garden)? 


6. Are you able to manage your 
own financial matters? 


7. Are you able to walk? 


10. How often do you see your 
friends and relatives? 


11. How often did you work on 
hobbies or some activity of 
interest in the last month? 


12. How often did you attend 
meetings at associations, church, 
organizations, get-togethers, or 
clubs in the last month? 

13. Do you feel low in energy or 
slowed down? 


14. Do you feel lonely? 


16. How effective was the patient at 
communicating to complete 
survey (answered by interviewer)? 





*Scoring: a, 3 points; b, 2; c, 1; d, O. 


psychological, and social well-being (Table 1). Each survey was 
performed by telephone by the same interviewer. Point values 
were assigned from 0 to 3 by the questioner for each of the items, 
which stressed the degree of physical and mental independence 
as well as psychological well-being and social interaction. The 
total survey score for each patient was used as the index of the 
quality of life. 
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Differences among survival curves for patients surviving elective 
abdominal aortic aneurysm (AAA) resection, those surviving rup- 
tured AAA resection, and age- and sex-matched general population 
sample were not significant. 


Survival curves were constructed using Cutler-Ederer life table 
analysis for the patients from the ruptured AAA and elective 
AAA groups who survived to be discharged from the hospital. A 
survival curve for an age- and sex-matched population was also 
constructed using US census life table data for an age-, sex-, and 
geographically matched population. Comparisons of life table 
curves were made using the log-rank test. 

Statistical comparisons between groups were made using 
Fisher's exact test for dichotomous variables and Student's ¢ test 
for continuous variables. Statistical significance was defined as 
P<.05. 


RESULTS 


Sixty-five patients were operated on for ruptured aortic 
aneurysms. One hundred patients underwent elective AAA 
resection over the same period. Patients undergoing rup- 
tured AAA resection ranged in age from 59 to 84 years, 
with a mean of 73 years. Those undergoing elective AAA 
resection had a mean age of 69 years (P=.004), with a 
range of 47 to 90 years. The sex distribution of the two 
groups was remarkably similar: 83% (54/65) of those with 
ruptured AAA were male compared with 87% of those 
undergoing elective aneurysm surgery. Analysis of preex- 
isting medical problems was not possible because of the 
very cursory initial evaluation that patients with ruptured 
AAA received when admitted to the hospital. 

The mortality for 65 patients who underwent operation 
for ruptured AAA was 36.9% (24). Nine of the deaths 
occurred within the first 48 hours of operation due to 
complications of prolonged shock and massive transfusion. 
Acute renal failure contributed to the deaths of 13 of the 
remaining 15 patients, and ten of those 15 patients also 
had prolonged ventilatory failure. Transmural colon isch- 
emia contributed to the deaths of three patients. 

The mortality for the 100 patients who underwent 
elective AAA resection was 6.0%. Three deaths were due 
to myocardial infarction. One death was due to rupture of 
an associated thoracic aortic aneurysm, one to sepsis, and 
one to an uncorrectable coagulopathy. It is noteworthy that 
no postoperative deaths have occurred in patients under- 
going elective AAA resection since August 1984, when an 
aggressive preoperative assessment of coronary artery 
disease was begun with dipyridamole thallium 201 scinti- 
graphy.” 

The mean hospital stay was 26 days for all patients with 
ruptured AAA resection, compared with 20 days for those 
having elective surgery (P=.16). Survivors of ruptured 
AAA were hospitalized for 29 days, compared with an 
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average of 19 days for survivors of elective procedures 
(P=.03). 

Hospital costs were closely related to the length of 
hospital stay in all cases. The cost of hospitalization for all 
patients with ruptured AAA ranged from $15900 to 
$182000, with a mean of $35500. Expenses for patients 
undergoing elective AAA resection ranged from $5100 to 
$186 000, with a mean of $27 100 (P=.06). Hospitalization 
cost for survivors of ruptured AAA was $38 100, compared 
with $26 000 for those surviving elective AAA (P=.02). 


Long-term Survival 


Follow-up data were complete for 93% (60/65) of patients 
with ruptured AAA and 91% (91/100) of patients with 
elective AAA procedures. Survival curves were calculated 
for each group (Figure). Actuarial survival following rup- 
tured AAA resection was 92%, 51%, and 51% at 1, 5, and 
10 years, respectively. Long-term survival after elective 
AAA resection was 94%, 75%, and 38% at 1, 5, and 10 
years, respectively (P=.23). A third actuarial survival 
curve was calculated from census data for an age-, sex-, 
and geographically matched population. Long-term sur- 
vival of the general population did not differ significantly 
from either the ruptured AAA (P=.29) or the elective 
AAA (P=.78) survival curve. 


Quality of Life 


Results of the modified Self-evaluation of Life Function 
Scale were complete in 90% (26) of the 29 patients who had 
undergone ruptured AAA resection and were still alive at 
the time of the survey. Follow-up data were complete for 
81% (76/94) of those who survived elective AAA resection. 
All patients from each group who could be located com- 
pleted the survey. Total survey scores of the ruptured AAA 
group ranged from 17 to 48, with a mean of 35.7. The mean 
score for patients who survived elective AAA resection 
was 36.3, ranging from 6 to 47. Average scores were 
calculated for the response to each question for both of the 
groups (Table 2). The only statistically significant differ- 
ence was in response to the question regarding the patient’s 
general sense of well-being. Patients who had survived 
elective AAA resection reported a higher overall sense of 
well-being than survivors of ruptured AAA (P=.046). All 
other items directed at identifying degrees of physical and 
mental health were answered without a significant differ- 
ence favoring either group. Physical independence (ability 
to walk, perform household chores, use transportation, and 
do household shopping) was quite evenly matched between 
the two groups. Measures of social interaction and psycho- 
logical well-being were also quite similar. 

Eighty percent (61/76) of patients having elective AAA 
surgery and 85% (22/26) of those with ruptured AAA 
stated that their general health in the last month had been 
either very good or good. Eighty-three percent (63) of the 
patients with elective AAA surgery noted the ability to 
perform their routine household chores either indepen- 
dently or with minimal help, as did 77% (20) of the survivors 
of ruptured AAA. 

One patient from the ruptured AAA group was dis- 
charged to a nursing home, where she eventually died, and 
a second patient required transfer to a chronic care facility 
because of chronic ventilatory failure. Only one patient 
from the elective AAA group was discharged to a nursing 
home, where he stayed for two months before returning 
home to live independently. Two patients were discharged 
to rehabilitation hospitals before their eventual return 
home. 
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Table 2.—Average Score for Each Question From the 
Modified Self-evaluation of Life Function Scale* 


Question No. Elective AAA Ruptured AAA P 
1 1.98 2.15 37 










2 

3 2.57 2.39 31 
E 2.46 2.34 59 
5 2.44 2.23 35 
6 2.49 2.12 .09 
7 2.67 2.89 .14 
9 2.88 2.96 44 





1 2.15 2.15 


0 97 
1 .04 
26 
80 

















1 i 
5 2.21 1.81 
16 2.67 2.50 
Total 36.3 35.5 : 


*AAA indicates abdominal aortic aneurysm. 


Table 3.—Effect of Age at the Time of AAA Resection on the 
Quality of Life* 


Mean Survey Score (No.) 


Age, y Elective AAA 


<70 38.2 (44) 35.9 (10) 


Ruptured AAA P 





< ; 35 
>70 31.5 (22) 35.7 (16) 25 
P 005 95 E. 


*AAA indicates abdominal aortic aneurysm. 


Variation in the quality of life based on differences in age 
were analyzed (Table 3). Survivors of ruptured AAA 
resection who were less than 70 years of age had virtually 
identical survey scores to those who were greater than 70 
years old. However, patients who survived elective AAA 
resection and were older than 70 years scored significantly 
lower than their younger counterparts (P = .005). 


COMMENT 


The five-year survival following elective aneurysm sur- 
gery ranges from 50% to 67.5%.%351315 The prognosis for 
long-term survival after ruptured aneurysm resection has 
been reported to be less optimistic.» However, in the 
present study, 51% of patients were alive at five years. 
Furthermore, there was no statistical difference between 
the survival curves following either elective or emergency 
operations for AAA or when compared with an age-, sex-, 
and geographically matched sample of the general popu- 
lation derived from 1980 US census figures (Fig 1). The 
good long-term survival observed in this study invites 
inquiry about the quality of life of the survivors. 

A surgical operation may have a long-lasting influence 
on a patient’s quality of life and sense of well-being that is 
not accurately measured by the usual morbidity and mor- 
tality statistics. Therefore, in attempting to obtain a 
comprehensive measure of the results of surgical treat- 
ment, attention must be directed toward assessment of the 
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functional outcome and the extent to which the patient is 
able to return to his or her preoperative life-style. 

Measurements of subjective factors such as quality of 
life are regarded as “soft data” by clinicians, and some 
argue that there is no clear definition of the entity “quality 
of life” and no technique for measuring it reliably. However, 
there are clear descriptors of quality of life such as 
disability, pain, and loss of independence." Furthermore, 
there are well-validated techniques to measure and dis- 
criminate various degrees of reduction in a patient’s quality 
of life, such as the survey utilized in this report." Another 
example is the Visick Scale for assessing the results of 
peptie ulcer, which has influenced the selection of operation 
for gastric surgery.'^ Evaluations of quality of life have 
been thoroughly studied in patients who have undergone 
coronary artery bypass grafting," resections for inflam- 
matory bowel disease,?? and palliative operations for 
carcinoma of the stomach and esophagus.” 

Other studies have referred to the quality of life of 
survivors of elective AAA surgery and have uniformly 
concluded that patients have had a prompt return to their 
preoperative life-style in the majority of cases. The data in 
these series, however, have been derived from a subjective 
estimate of life-style from a retrospective review of medical 
records or family interviews.*’ In contrast, the present 
study has used objective, quantifiable methods to show 
that the quality of life for survivors of ruptured AAA was 
similar to that following elective aneurysm surgery. 

In most institutions today, aortic aneurysm surgery is 
regarded as routine, and good outcomes are expected. It 
is unlikely that further refinement in technique or revisions 
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in management will improve survival to any great degree. 
Furthermore, despite the evolution of more sophisticated 
anesthetic and critical care expertise, there has been little 
improvement in the mortality for ruptured aneurysm 
surgery over the past decade. Therefore, continued prog- 
ress in dealing with these problems cannot be assessed 
solely by in-hospital morbidity and mortality. Quality of 
life measurements make sense in seeking ways to evaluate 
the role of surgery for these patients.” This rationale can 
be easily extended to other areas of vascular surgery in 
which the efficacy of the procedure cannot be measured 
only in terms of in-hospital morbidity and mortality. For 
example, such considerations may illuminate the advan- 
tages or shortcomings of distal bypasses for claudication 
or limb salvage. This type of approach will also be impor- 
tant in establishing a cost-benefit analysis of a given course 
of action in an era of concern regarding health care 
expenditures. 

The fact that patients who survive operation for ruptured 
AAA have an excellent prognosis for long-term survival 
and a good quality of life at a reasonable economic cost 
supports the continued expenditure of resources for the 
aggressive management of ruptured AAA. We urge the 
wider adoption of objective scales to measure quality of 
life by broadening the choice of end points of surgical 
studies beyond the traditional assessment of in-hospital 
morbidity and mortality. 


Our thanks to Donna Danto, RN, who collected the quality of life data, 
and to Laury Freeman, who performed the word processing. 
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Discussion 


Tuomas O'DoNNELL, MD, Boston: I have taken the data the 
authors provided me in advance and calculated the cost-benefit 
ratio for their ruptured AAA group to derive a ratio called the 
cost in dollars per year of life saved. For the ruptured AAA group 
the cost is $5300, which is slightly more than for the elective AAA 
group. This shows us that the cost per year of life saved for a 
ruptured AAA is really not that great when we compare it with 
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other disorders. For example, the cost of care for a patient with 
acute abdomen in the intensive care unit has been calculated at 
about $50 000 per year of life saved. Thus, I think the authors have 
provided us with some important information to justify an aggres- 
sive approach to ruptured AAAs, 

Have you developed any criteria that might suggest that surgery 
should be avoided in certain patients with a dismal outlook, such 
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as the patient with no urine in his bladder on initial catheterization? 
What was the proportion of patients transferred to your facility 
from other hospitals, compared with those who came to your 
hospital first? This can affect survival figures. Finally, I noted 
that your hospital stay for elective aneurysms, 20 days, appeared 
longer than ours. 

JACK CRONENWETT, MD, Hanover, NH: Do you have any data 
on the quality of life in your age-matched normal population that 
would indicate how either the elective or the ruptured AAA groups 
compare with the normal cohort? Did you analyze your results 
according to age to determine whether the patient’s age had an 
influence on his or her ultimate quality of life? 

R. CLEMENT DARLING, MD, Boston: Dr Linton once told me, 
when I first started with him about 30 years ago, that a vascular 
surgeon never makes a reputation by operating on patients with 
ruptured aneurysms. Accordingly, I was assigned for the next ten 
years to these emergency patients. Since that time, my group has 
operated on about 1400 AAAs, 10% of these patients having 
aneurysmal rupture. I agree with the authors that, once through 
hospitalization and on the way to recovery, the quality of life of 
patients with ruptured AAA is most satisfying and is similar to 
that of elective patients. 

In figuring economic costs, however, I believe the authors should 
relate the total costs of caring for all patients with ruptured 
aneurysms to the number that survive. For example, in our 
institution, this comes closer to $100 000 per surviving patient. 

When I visited Moscow and inquired of a lofty vascular surgeon 
about AAA surgery, he stated: *We do very little because these 
patients are rarely symptomatic." When queried about those with 
symptoms, he simply dismissed the matter by saying, "They're 
ruptured and we don't operate on them either"—simply another 
socialistic approach to the matter. 

Gary GiBBOoNS, MD, Boston: Did the authors analyze their 


length of stay? What was their diagnosis related group (DRG) 
repay on these procedures? I do not think even their elective 
procedures were within the allotted length of stay. In our institu- 
tion, we are losing our shirts in taking care of diabetic patients. 

Dr Ronrer: In response to Dr Gibbons question, I do not know 
what the DRG payment was for these patients. I am sure that this 
was not a profitable proposition for the University of Massachu- 
setts. A typical patient with a ruptured AAA who survived had a 
hospital stay of 12 to 14 days. The average length of stay data 
were skewed by a few patients whose hospitalizations were 
prolonged by postoperative complications. 

Dr Darling we too define ruptured AAA as a contained 
hematoma outside of the aortic wall and within the retroperito- 
neum. 

Dr Cronenwett, our quality of life assessment comparisons were 
made only for patients with ruptured and elective AAA repair. 
Indirectly, however, our comparison was also to the general 
population. We found that patients who survived ruptured AAA 
had a quality of life that was comparable regardless of age. 
However, older patients who survived elective AAA surgery had 
a quality of life that was significantly lower than for their younger 
counterparts. 

Dr O'Donnell, we did not find any reliable prognostic indicators 
for survival such as age, sex, or pulmonary or renal failure. 
However, the occurrence of a preoperative cardiac arrest, even 
though the patient was initially successfully resuscitated, was 
uniformly associated with mortality Approximately 7596 of the 
ruptured AAA patients were referred to our institution from 
another hospital. This is a potential source of bias, since the 
transfer process could have served as a "survival test." Finally in 
addressing the mean elective hospital stay of 20 days for elective 
AAA, there were two patients who had unusually long hospitali- 
zations of 145 and 155 days, which skewed the average. 


In Other AMA Journals 


AJDC 


Characteristics of Fatal Gunshot Wounds in the Home in Oklahoma: 1982-1983 
Nancy J. Keck, MD; Gregory R. Istre, MD; Daniel L. Coury, MD; Fred Jordan, MD; 


Antoinette P. Eaton, MD 


Children are a unique group at risk of injury from firearms because of their immaturity, curiosity, and 
imitative behavior. All unintentional firearm deaths in persons younger than age 20 years that occurred in 


Oklahoma in 1982 and 1983 were reviewed. There were 32 unintentional deaths from firearms in children 
from birth to age 19 years. The death rate in rural counties was four times that of urban counties. Twenty- 
seven deaths (85%) occurred at home, with an adult present in only two cases. The home death rate for males 
was 5.2 times that of females, with 15- to 19-year-old males most at risk. The rates among whites and Native 
Americans were similar, at 1.5 and 1.2 per 100000, respectively, with no deaths among the black population. 
This review concurs with previous studies that firearms are a significant cause of mortality in the pediatric 
age group. Counseling parents about the hazards of firearms may prevent deaths through better supervision 
and more responsible gun care and storage (AJDC 1988;142:623-626). 
Reprint requests to Children's Hospital, Ambulatory Services, 700 Children's Dr, Columbus, OH 43205 (Dr Keck). 
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Cost-effectiveness of Intra-arterial 


Thrombolytic Therapy 


Lawrence J. Dacey, MD; Richard W. Dow, MD; Martha D. McDaniel, MD; Daniel B. Walsh, MD; 


Robert M. Zwolak, MD, PhD; Jack L. Cronenwett, MD 


e We reviewed the clinical course of 23 patients who re- 
ceived 24 intra-arterial infusions of either streptokinase or 
urokinase to treat 14 arteries and ten arterial grafts that were 
occluded due to primary thrombosis (22) or artery-artery 
embolism (two). Time from symptom onset to treatment was 
one to 28 days (mean, 11 days). Five infusions (21%) were 
completely successful since symptoms were eliminated with- 
out subsequent operation. Seven infusions (29%) were par- 
tially successful since thrombolysis aided, limited, or post- 
poned subsequent surgery. Six infusions (25?6) were failures 
since thrombolysis or clinical improvement did not occur and 
surgery was required. Six infusions (25%) were associated 
with thrombolytic complications that required urgent opera- 
tion (less severe complications occurred in an additional 17% 
of cases [4/24]). Of the 19 patients without complete success 
after thrombolytic therapy, 16 underwent surgery during the 
same admission, two were not operable due to distal disease, 
and one declined operation. Of the 16 operations, 15 (94%) 
were successful in restoring graft or artery patency and 
achieving limb salvage, whereas one failed. In the 12 patients 
with failure or major complications of thrombolytic treatment, 
all had successful surgical outcome without morbidity. The 
actual mean cost of thrombolytic treatment was $8200 per 
patient and was comparable with the actual mean cost of 
subsequent surgical treatment in the 16 patients who required 
operation ($8900 per patient). The effective cost of thrombo- 
lytic and surgical treatment was calculated by dividing the 
actual costs by the proportion of successful cases. The 
effective cost of thrombolytic therapy per complete success 
was $39 200 and per complete or partial success was $16 500. 
This was significantly more than the effective cost of $9400 
per complete success of surgical therapy. 

(Arch Surg 1988;123:1218-1223) 


n recent years, intra-arterial thrombolytie therapy has 
been frequently used for treating arterial thrombosis, 
embolism, and graft occlusion.'? A number of publications 
have attested to acceptable complication rates and frequent 
thrombolysis, with symptomatie improvement and limb 
salvage resulting in these patients.*'^ Since thrombolytic 
therapy is less invasive than surgery, it is often proposed 
as the most appropriate initial treatment, particularly in 
patients at inereased risk for an operative approach. 
Despite the generally favorable results with intra-arterial 
infusion of either streptokinase or urokinase, several re- 
ports have questioned the efficacy and durability of this 
therapy, since subsequent surgery often is required." 
With increased emphasis on cost-effective health care 
provision, this question assumes considerable importance. 
We were stimulated to review our experience with intra- 
arterial thrombolytic therapy, to document the number of 
cases in which subsequent surgical treatment was re- 
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quired, and to analyze the relative costs of these treatment 
modalities. 


PATIENTS AND METHODS 
Methods 


Medical records were retrospectively reviewed to identify all 
patients admitted to the Dartmouth-Hitchcock Medical Center, 
Hanover, NH, from 1984 through 1986 who underwent intra- 
arterial infusion of either streptokinase or urokinase for treatment 
of arterial or vascular graft occlusion. Patients were selected for 
intra-arterial thrombolytie therapy if they (1) had no contraindi- 
eations to this treatment (eg, recent surgery, cerebrovascular 
accident, gastrointestinal hemorrhage); (2) did not need immediate 
operative treatment because of sensorimotor deficits associated 
with acute ischemia; and (3) were considered by both the vascular 
surgery and radiology staffs to have a relatively recent arterial 
occlusion that was potentially treatable by thrombolytic infusion. 

Patients received intra-arterial infusion of either streptokinase 
or urokinase at the discretion of the attending staff, although 
urokinase tended to be used more frequently in our later experi- 
ence. The technique of intra-arterial infusion was similar to that 
described by McNamara and Fischer.* We punctured the contra- 
lateral femoral artery to avoid hematoma and arterial compression 
in the involved limb. Catheters (5F) were passed around the aortic 
bifurcation and left in the opposite common iliac artery. A 1-mm 
hollow guide wire or a 3F Teflon catheter was advanced coaxially 
into the thrombus. An initial bolus of 50000 U of streptokinase or 
100 000 to 250000 U of urokinase was delivered into the thrombus, 
either into the proximal few centimeters or by dividing the dose 
throughout the entire thrombus. Streptokinase was then infused 
continuously at 5000 U/h for 24 to 72 hours. Urokinase was infused 
at 100000 to 250000 U/h for the first four to six hours and then 
reduced to 50000 to 100000 U/h for the duration of infusion. 
Continuous infusion was achieved with a pulsed infusion pump, 
with drug concentrations adjusted to deliver a total volume of 
50 to 80 mL/h. Heparin sodium (500 to 800 U/h) was in- 
fused concurrently through the arterial catheter or a vein in 
selected patients, especially when a long, narrow arterial seg- 
ment with poor runoff was involved. Thrombin times, fibrinogen 
levels, partial thromboplastin times, and prothrombin times were 
used to monitor systemic fibrinolytic effects but not to alter 
treatment. 

Outcome of thrombolytic therapy was classified as complete 
success if symptoms were eliminated without subsequent opera- 
tion, even if percutaneous transluminal angioplasty (PTLA) was 
used; partial success if complete or partial thrombolysis occurred 
that aided or limited surgery during the same admission or 
postponed subsequent surgery at least one month; failure if little 
or no thrombolysis occurred, without clinical change; or compli- 
cation if the patient’s condition deteriorated during thrombolysis 
and required urgent operation. Subsequent surgical treatment 
during the same hospital admission was analyzed and classified as 
a success if graft or artery patency was restored with limb salvage 
and as a failure if this did not occur. For both thrombolytic and 
surgical therapy, only short-term (30-day) outcome and costs 
incurred during the single hospital admission were analyzed. 

Total hospital and physician costs of thrombolytic and subse- 
quent surgical therapy were calculated by reviewing the billing 
records. Charges for the room (intensive care unit or ward), 
roentgenograms, laboratory procedures, blood products, supplies, 
medications, operating room, recovery room, and all physician 
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Table 1.—Thrombolytic Treatment Outcome 













Complete Partial 
Total Success Success Failure Complication 

Total cases 24 5 (21%) 7 (29%) 6 (25%) 6 (25%) 

Arteries 14 3 (21%) 2 (14%) 5 (36%) 4 (29%) 

Grafts 10 2 (20%) 5 (50%) 1 (10%) 2 (20%) 
Mean age, y 66 72 62 61 67 
M:F 19:5 3:2 7:0 5:1 4:2 
Urokinase:streptokinase 16:8 3: : 4: : 





2 5:2 2 4:2 
Mean symptom duration, d 10 “a d Tit 13* 13f 


*P<.05, success vs failure. 
tP<.08, success vs partial success, complication. 





b Table 2.—Patient Treatment Summary* 






























Symptoms 
Case Lytic Additional 
No.f Type Duration Result Treatment Outcome Comment 
Complete Success 
1 RP 2 Pop, Peron Lysis None LS d 
2 RP 4 SFA Lysis + stenosis PTLA LS RES 
3 RP 2 Pop-PT Partial lysis None LS 
4 RP 1 Fem-Pop vein G Lysis-- stenosis PTLA LS 
5 RP 1 Fem-Pop DacronG Lysis None LS 
Partial Success 
Renal embolus Partial lysis None No change Emb after PTLA; 
nonoperable 
7 ULC 26 SFA Lysis None No change Poor outflow; 
nonoperable 
8 RP 2 AFB G, PFA Partial lysis None Reocclusion Declined operation 
9 RP 20 Fem-Pop vein G Lysis + stenosis Vein patch x 2 Thromb Declined further 
treatment 
10 RP 2 Fem-Pop PTFE G Lysis + stenosis Fem-Pop vein G LS Lysis defined distal 
outflow 
11 RP 14 Fem-Pop vein G Lysis + stenosis Vein patch LS Lysis limited 
operation 
12 RP 4 Fem-Pop PTFE G Lysis + stenosis Fem-AT vein G LS Lysis defined distal 
outflow 
Failure 
lliac, Fem No lysis Thrombectomy, Fem-Fem G LS Thrombus after 
PTLA, treated 
immediately 
14 RP 13 Pop, PT, AT Emb No lysis Thrombectomy, iliac end LS Embolus from iliac 
artery 
15 ULC 26 SFA No lysis Fem-Pop vein G LS ay 
16 OCC 2 Arm AV shunt No lysis Thrombectomy, patch PTFE Patent asi 
17 RP 7 SFA Minimal lysis Fem-Pop PTFE G LS PTLA after lysis 
unsuccessful 
18 RP 10 Common iliac Minimal lysis Fem-Fem G LS Intimal flap after lysis 
prevented PTLA 
Complication 
19 RP 14 SFA Distal Thromb Fem-Peron vein G LS Transmet amp 
20 ULC 28 SFA, Pop Prox Thromb Thrombectomy, Op TLA LS ae 
21 CLD 25 Common iliac Distal Emb Embolectomy LS PTLA also done, iliac 
remained patent 
22 RP 10 SFA, Pop Distal Thromb Thrombectomy, Fem-Pop G LS 
23 RP 2 Fem-Pop PTFE G Prox Thromb Thrombectomy LS 
24 RP 1 Fem-Pop DacronG Distal Emb Embolectomy, Prox revision LS 


*RP indicates rest pain; Pop, popliteal; Peron, peroneal artery; LS, limb salvage; SFA, superficial femoral artery; PTLA, percutaneous transluminal 
angioplasty; PT, posterior tibial artery; Fem, common femoral artery; G, graft; HTN, hypertension; Emb, embolus; ULC, ischemic ulcer; AFB, aortofemoral 
bypass; PFA, profunda femoris artery; PTFE, polytetrafluoroethylene; AT, anterior tibial artery; OCC, graft occlusion; AV, arteriovenous; Thromb, thrombosis; 
Transmet, transmetatarsal; amp, amputation; Prox, proximal; Op, operative; TLA, transluminal angioplasty; and CLD, claudication. 

tCases 5 and 24 were two episodes, four months apart, in the same patient treated with urokinase. 


Arch Surg—Vol 123, Oct 1988 Thrombolytic Therapy—Dacey et al 1219 


i c het 7" g = z v^z*"m- F- SS. zi x - PI 5- 
i a el le a a ia a I Ra 


Table 3.—Mean Actual and Effective Cost per Case 













Thrombolytic Operative 
Therapy Therapy 
(n=24), $ (n=16),$ 
Mean Actual Cost 
Room charge 2726 2085 


Total 8232 8859 
Mean Effective Cost 
Complete success* 39200 9424 


Complete or partial successt 16464 e 


*Calculated as actual mean cost/proportion of successful cases ($8232/ 
0.21 — $39 200 for thrombolytic; $8859/0.94 — $9424 for operative). 

TCalculated as actual mean cost/proportion of both successful and 
partially successful cases ($8232/0.50 — $16 464 for thrombolytic; no surgi- 
cal cases were classified as partial success). 


fees were included. The cost of thrombolytic therapy was consid- 
ered to be those charges that were incurred from the onset of 
thrombolytic treatment until discharge or surgery, if an operation 
was also required. Surgical costs represented those expenses that 
were incurred from the time of operation until discharge. All 
charges that occurred before thrombolytic infusion (laboratory 
studies, electrocardiograms, chest roentgenograms, hospital days, 
ete) were excluded since they would have been required for either 
primary thrombolytie or primary surgical treatment. Similarly, 
the cost of initial arteriography was not included as a cost of 
thrombolytie treatment. Even though this procedure was more 
extensive than diagnostic arteriography, some portion would also 
have been required if primary operative treatment had been 
employed, and it was impossible to separate the diagnostic and 
therapeutie components. 

To determine the impact of treatment outcome on total health 
care expenditures, the effective cost per patient of successful 
treatment was caleulated by dividing the actual mean eost of 
thrombolytic or surgical treatment by the proportion of successful 
outcomes for each therapy type. The effective cost for at least 
partial success was also calculated by dividing actual mean costs 
by the proportion of both completely and partially successful 
outcomes. Effective cost is equally influenced by actual cost and 
treatment efficacy. Thus, if two treatment modalities (A and B) 
have the same actual cost, but treatment A is twice as successful 
as treatment B, then the effective cost of treatment A will be half 
that of treatment B. Where appropriate, statistical analysis was 
performed by Student's t test or x? analysis. 


Patients 


Twenty-three consecutive patients (18 male, five female; ages, 
33 to 86 years, mean of 66 years) received a total of 24 intra- 
arterial thrombolytic infusions. Diabetes was present in 30% of 
the patients (half were insulin dependent), 5896 were hypertensive, 
and 7596 currently smoked cigarettes. Fourteen arteries (three 
iliac, seven superficial femoral, three popliteal, one renal) and ten 
vascular grafts (one aortofemoral, eight femoropopliteal, one 
dialysis shunt) were occluded by primary thrombosis (22 cases) or 
artery-artery embolism (two) Time from symptom onset to 
treatment ranged from 24 hours to 28 days (mean, ten days). 
When symptom duration was longer than two weeks, there had 
often been a recent exacerbation that suggested a thrombotic 
episode amenable to thrombolytic treatment. Rest pain was the 
presenting complaint in 18 instances (75%), whereas three patients 
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Table 4.—Actual Mean Cost per Case of Thrombolytic and 
Surgical Treatment Analyzed by Thrombolytic Treatment 
Outcome* 


Thrombolytic 
Treatment 
Outcome 


Complete success 


Thrombolytic Subsequent 
Treatment, $ Surgical Treatment, $ 


13400+3911 (5) 0 
7010+987 (7) 9262 + 1659 (4) 
7616 +2239 (6) 7527+1417 (6) 
6034 +1247 (6) 9928 + 2234 (6) 

Total 8232+1149 (24) 8859+ 1043 (16) 


*Values are mean + SEM (number of cases). 


Partial success 
Failure 


Complication 


(1396) had both rest pain and ischemic foot ulcers. The initial mean 
ankle-brachial index (ABI) was 0.22 for patients with lower- 
extremity symptoms. One patient experienced distal renal artery 
embolization during PTLA, one patient had worsening claudica- 
tion due to an iliac artery occlusion, and one patient had thrombosis 
of a brachial artery-cephalie vein dialysis shunt. Streptokinase 
was employed for eight infusions at a rate of 5000 U/h for a mean 
duration of 33 hours. Urokinase was used for 16 infusions at an 
average rate of 100000 U/h for a mean duration of 34 hours. 
Concomitant heparin was employed during 16 of the 24 thrombo- 
lytic infusions. 


RESULTS 


The 24 thrombolytie infusions resulted in complete suc- 
cess in five cases (21%), partial success in seven cases 
(29%), failure in six cases (25%), and thromboembolic 
complications in six cases (25%; Table 1). Age, sex, and 
choice of thrombolytic agent did not affect outcome. Vas- 
cular graft occlusions were more often associated with 
partial success (50%) than failure (10%), whereas native 
arterial occlusions were more frequently associated with 
failure (36%) than partial success (14%; P<.05). Patients 
who experienced complete success were treated more 
promptly after symptom onset (mean, two days) than 
patients who experienced partial success, failure, or com- 
plications (mean, 11 to 13 days; P<.05; Table 1). No patient 
with symptoms present for more than four days experi- 
enced complete success. Short symptom duration did not 
guarantee successful outcome, however. Only five of 13 
patients with symptoms for less than one week experienced 
complete success. 

Individual results are summarized in Table 2 according 
to treatment outcome. We used PTLA in conjunction with 
thrombolytie therapy in two of the five cases with complete 
success after thrombolysis. The mean ABI in this group 
improved from 0.23 to 0.70 after successful treatment. 
Partial success occurred in seven cases after thrombolytic 
therapy alone. One patient (case 6) had nearly complete 
lysis of a distal renal artery embolus but no improvement 
in hypertension or renal function. One (case 7) had partial 
lysis of a superficial femoral artery thrombus but no change 
in symptoms and was not operable due to extensive distal 
disease. One (case 8) experienced early reocclusion of an 
aortobifemoral graft limb but retained profunda artery 
patency after thrombolysis and declined surgical treatment 
during that admission. The remaining four cases of partial 
success (cases 9 through 12) had sufficient lysis of a graft 
occlusion after thrombolytic therapy either to define the 
arteriographic anatomy or to limit subsequent surgery but 
not to provide a durable result without surgery. Of the six 
failures after thrombolytic therapy, four had no response 
and two had minimal lysis that did not affect the need for 
subsequent surgery. Thromboembolic complications that 
required urgent operation occurred in six cases. Each had 
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proximal thrombosis around the infusion catheter (despite 
intravenous heparin), distal thrombus propagation, or em- 
bolization. Thus, of 19 cases without complete success after 
thrombolytic treatment, 16 required operation during the 
same hospitalization to correct residual symptoms, two 
were not operable due to extensive distal arterial occlusion, 
and one declined operation. 

Of 16 operations that were performed after partial 
success, failure, or complication of thrombolytic therapy, 
15 were successful and resulted in limb salvage or dialysis 
shunt patency. One femoropopliteal vein graft thrombosed 
twice after a vein patch angioplasty of the distal anasto- 
mosis (case 8). This case was considered a surgical failure, 
although the graft was successfully redone during a sub- 
sequent admission. In all 12 instances of thrombolytic 
therapy that resulted in failure or had a complication that 
required urgent operation, successful surgical treatment 
was accomplished and resulted in limb salvage. The initial 
ABI of 0.21 did not change after thrombolytic treatment 
(0.30) in those cases that required surgery, but increased 
to 0.78 after surgical treatment. 

Complications of thrombolytic therapy were associated 
with 12 infusions. Hemorrhage occurred seven times, of 
which five were associated with concomitant heparin infu- 
sion. Only two of seven were sufficient to require transfu- 
sion and cessation of thrombolysis. Bleeding episodes 
consisted of catheter site hematoma (four), bleeding at the 
catheter site (one), hematemesis (one), and retroperitoneal 
hematoma associated with renal artery infusion after a 
previous revascularization (one). Six thromboembolic com- 
plications occurred that required urgent operation and 
therefore resulted in the outcome classification of compli- 
cation, as defined in this study. Thrombus propagation 
occurred in four cases, only once associated with concomi- 
tant heparin therapy. Distal embolization occurred in two 
cases. In addition to these hemorrhagic and thromboem- 
bolie eomplieations, one myocardial infarction with aspi- 
ration pneumonia occurred after successful thrombolytic 
therapy, and one episode of transient pulmonary edema 
and renal failure occurred that was thought to be related 
to radiologie contrast material. Overall, 11 major compli- 
cations that required either urgent operation, transfusion, 
cessation of therapy, or prolonged hospitalization occurred 
in ten cases (42%). There were no significant postoperative 
complications in the 16 cases that were treated surgically 
except the thrombosis of a vein patch angioplasty that 
required reoperation and was classified as a surgical failure 
(case 9). 

Mean hospital stay after the initiation of treatment was 
significantly longer in the completely successful thrombo- 
lytic treatment group (12.6 days) than in the successful 
surgical group (6.8 days; P<.02). This resulted in part 
from the myocardial infarction that occurred in one case 
after successful thrombolytic treatment. Hospital stay 
after thrombolytic therapy in all cases (mean, 5.1 days) 
was comparable with postoperative days (mean, 6.8 days), 
but this interval was artificially shortened in those in- 
stances when surgery was undertaken immediately after 
thrombolytic infusion. More time was required in the 
intensive care unit during thrombolytic treatment (mean, 
1.8 days) than after surgery (mean, 0.4 days). Blood 
transfusion averaged 0.7 U per case of thrombolytic infu- 
sion and 1.1 U per surgical case. 

The actual mean cost per case of the 24 thrombolytic 
infusions and for surgical therapy in the 16 cases that 
required operation is given in Table 3. Ninety-seven per- 
cent of the medication cost in the thrombolytic treatment 
group was attributable to streptokinase or urokinase. The 
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Table 5.—Selected Results of Intra-arterial 
Thrombolytic Therapy 













Source, y N Agent Rate, % 
Sicard et al,'? 43 Streptokinase- 37 
1985 urokinase 
Seeger et al," 25 Streptokinase 37 
1987 
Ferguson et al,5 102 Streptokinase 38 





1986 












Ricotta et al,’ 623 Streptokinase- 50 
1987 urokinase 

Hurley et al,'5 37 Streptokinase- 51 
1984 urokinase 

Wolfson et al,* 27 Streptokinase 52 





1984 











Hess et al,? 1987 564 Streptokinase- 56 
urokinase 

Gardiner et al,‘ 44 Streptokinase- 59 
1986 urokinase 

Earnshaw et al,'? 32 Streptokinase 59 





1987 


Graor et al,® 151 
1985 







Streptokinase 66 














Hallett et al,'* 28 Streptokinase- 68 
1985 urokinase 

McNamara and 93 Urokinase 81 
Fischer? 1985 

Total 1769 54 (mean) 

Current series 24 Streptokinase- 50 






urokinase 






cost per infusion of urokinase ($3451, n= 16) was signifi- 
cantly higher than the cost per infusion of streptokinase 
($114, n=8; P<.01). The actual mean cost per case of 
thrombolytic therapy ($8232) was comparable with the 
actual eost per case of subsequent surgical treatment 
($8859). These costs did not differ significantly according 
to thrombolytic outcome, although completely successful 
thrombolytic therapy tended to be more expensive 
($13 400), partly due to the single myocardial infarction in 
this group (Table 4). When actual costs were corrected 
according to success rate, however, the effective mean cost 
per case of completely successful thrombolytic therapy was 
$39 200 and per case of completely or partially successful 
thrombolytic therapy, $16500. These costs were both sig- 
nificantly more than the effective mean cost of $9400 per 
case of completely successful surgical therapy (P<.01; 
Table 4). 
COMMENT 

Percutaneous intra-arterial infusion of thrombolytic 
agents is an attractive treatment option for arterial throm- 
bosis, embolism, and vascular graft occlusion in patients 
who do not require immediate revascularization due to 
imminent tissue loss. The theoretical advantages of this 
technique compared with surgical thrombectomy or em- 
bolectomy include the elimination of mechanical trauma to 
the endothelium, delineation of the lesion(s) inciting throm- 
bosis, and restoration of small outflow vessels that cannot 
be mechanically disobliterated. When PTLA is added to 
dilate stenoses, surgery may further be avoided. 

Numerous reports have documented the efficacy of 
thrombolytic treatment. The success rate in these series 
varies from 37% to 81% (Table 5).155.10:2.1415 This variability 
relates to differences in (1) patient selection (eg, severity 
and duration of symptoms, etiology, location, number of 
graft thromboses); (2) thrombolytic technique (eg, agent 
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used, dose, infusion protocol, concomitant heparin); and 
(3) definition of successful outcome. In some reports, 
success is based primarily on symptom reduction, with or 
without subsequent surgical treatment, whereas in other 
reports, success is determined by the degree of clot lysis. 
In our series, we separated complete from partial success 
after thrombolytic therapy to differentiate patients who 
required subsequent surgical treatment to achieve limb 
salvage. Since some of these patients might have been 
treated equally well by surgery alone, this distinction is 
important to the overall cost-benefit analysis. In our 
patients, the overall 50% success rate is not different from 
the mean success rate of 54% in 1769 patients collected 
from recently reported series (Table 5). 

The focus of our study was the cost associated with 
treatment of arterial or graft occlusion, rather than the 
efficacy of intra-arterial thrombolytic therapy. We deter- 
mined retrospectively the cost of thrombolytic therapy and 
compared this with the cost of any subsequent operative 
treatment that was necessary during the same hospitali- 
zation if thrombolytic treatment was not adequately suc- 
cessful. Since many differences exist between patients 
initially selected for operative vs thrombolytic treatment, 
it is difficult to match or randomize this treatment in the 
usual clinical situation. This difficulty relates primarily to 
the need for urgent operation in patients with acute limb 
threat (sensorimotor symptoms) and the inappropriateness 
of prolonged thrombolytic infusions in these cases. Al- 
though patients with less urgent presentations who are 
candidates for thrombolytic treatment could be randomized 
to surgical treatment, the principal rationale for thrombo- 
lytic treatment is that it avoids more invasive surgery. 
Therefore, physicians may be unwilling to randomize this 
group. As an alternative to randomization, we compared 
the cost of thrombolytic and surgical treatment in the same 
patients when surgical treatment was required during the 
same admission due to inadequate improvement after 
thrombolytic therapy. This comparison uses each patient 
as his own control but makes the assumption that initial 
thrombolytic therapy did not substantially modify the cost 
of subsequent surgery. We believe that this is a reasonable 
assumption for the following reasons. In patients who 
“failed” thrombolytic therapy, no improvement, complica- 
tion, or new information resulted to affect surgical treat- 
ment. In patients who experienced thromboembolic com- 
plications during thrombolytic infusions, additional 
operative time was usually required to correct thrombus 
propagation. The cost of this additional surgery could not 
be estimated accurately but may artificially increase ap- 
parent surgical costs. Conversely, partial thrombolytic 
suceess may have reduced subsequent operative time but 
could not be accurately measured. Thus, although patients 
in this series were not randomized to thrombolytic or 
surgical treatment, the comparison of initial thrombolytic 
and subsequent surgical costs in the same patients avoids 
the question of comparable disease severity and allows 
each patient to provide his or her own control. 

The results of our study indicate that the actual cost of 
thrombolytic treatment for an episode of arterial or graft 
occlusion was comparable with the actual cost of surgical 
treatment in those patients who failed thrombolytic ther- 
apy. Operating room charges and surgeon-anesthesiologist 
fees in patients operated on were offset by medication and 
radiology charges for thrombolytic therapy (Table 3). 
Hospital bed charges for patients treated with thrombo- 
lytic infusion were magnified by increased intensive care 
unit costs. This cost comparison may underestimate the 
cost of thrombolytic treatment since the expense of postin- 
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fusion hospitalization normally required for observation 
after thrombolytic treatment was assigned as a surgical 
cost in those patients who required surgery. 

Although the uncorrected, actual costs of thrombolytic 
and surgical therapy were comparable, the effective cost 
per successful outcome more appropriately estimates the 
impact of either treatment type on total health care 
expenditures. The effective cost per case of successful 
thrombolytic treatment in this study was significantly 
higher ($39200 for complete and $16500 for complete or 
partial success) than the effective cost of each successful 
surgical treatment ($9400). These results reflect the lower 
success rate of thrombolytic treatment, since actual costs 
of thrombolytic and surgical treatment were comparable 
(Table 3). The success rate of thrombolytic therapy would 
have had to be 9396 in our study to achieve the same 
effective cost as successful surgical treatment. 

Results of thrombolytic therapy could improve as new 
techniques or fibrinolytic agents are introduced.??*:? Bet- 
ter patient selection might improve the success rate. In 
our study, patients with symptom duration longer than one 
week had worse results than those treated promptly. This 
guideline requires further clarification, however, since 
other reports indicate that symptom duration does not 
determine thrombolytic outcome.*5/9:* Streptokinase infu- 
sion was as effective as urokinase infusion and significantly 
less expensive in our study. Others have reported distinct 
advantages of shorter, higher-dose urokinase infusions.** 
The latter approach may significantly reduce intensive care 
unit and hospital bed costs, which represented 33% of the 
total cost of thrombolytic treatment in our series. 

Patients with less extensive disease represent better 
candidates for both thrombolytic and surgical treatment." 
Differing disease severity among published reports con- 
tributes to differences in success rates and frequently is 
not documented sufficiently to allow comparison. In our 
series, patients had severe ischemia at presentation (mean 
ABI, 0.22). Furthermore, some patients present with 
extensive distal arterial occlusion that cannot be treated 
surgically (eg, our cases 6 and 7). Since thrombolytic 
therapy may represent the only potentially effective treat- 
ment in these cases,'* cost comparison with surgery is not 
appropriate. Intraoperative thrombolysis may be useful in 
these cases” but was not addressed in our study. 

The safety of intra-arterial thrombolysis may affect its 
cost-effectiveness. Although the complication rate of 42% 
in our study appears high, it is not dissimilar to several 
other series and may reflect more severe underlying 
disease in these patients. 4121415 Tt is difficult to compare 
the complication rates reported in primary operative series 
and primary thrombolytic series, since patients selected 
for immediate operation usually have more profound ische- 
mia, whereas patients selected for thrombolysis often have 
high operative risk. Our study, however, found lower mor- 
bidity after surgical treatment than after thrombolytic 
therapy in the same group of patients. Furthermore, 
surgical treatment was significantly more successful even 
among patients who failed thrombolytic therapy. Successful 
surgical outcome after failed thrombolytic treatment has 
also been reported by the other investigators, who have 
questioned the usefulness of thrombolysis in these pa- 
tients. !!-15 

Our study did not address the long-term outcome of 
thrombolytic treatment. Although late failure would affect 
the cost-benefit analysis, we anticipated that differences 
in the subsequent natural history of disease would preclude 
an accurate assessment of treatment benefit in this rela- 
tively small group of patients. However, we were relatively 


Thrombolytic Therapy—Dacey et al 


= a 7 "T 
= - 


confident that early (one-month) failures could be appro- 
priately assigned to the treatment rather than the under- 
lying disease. Other reports indicate that long-term pat- 
ency can be achieved not only after surgery but also in a 
significant proportion of patients who initially experience 
successful thrombolytic treatment.: The variable natural 
history of atherosclerotic disease will necessitate a large 
patient cohort to determine accurately the impact of long- 
term results on the cost-effectiveness of thrombolytic 
therapy. i 

Thrombolysis has achieved widespread usage based on 
the presumption that it carries less morbidity than more 


traditional operative methods. The assumption that throm- 


bolytic treatment is less invasive, less complicated, less 
expensive, or more successful than surgery as the initial 
therapy for patients with arterial or graft occlusion is not 
justified by the results of our study. Development of 
appropriate guidelines for optimal patient selection will 
require continued analysis of the cost-effectiveness of 
alternative treatments for arterial and graft thrombosis. 


We gratefully acknowledge the editorial assistance of Peter K. Spiegel, 
MD, and Robert F. Jeffery, MD, Section of Radiology, Dartmouth-Hitcheock 
Medical Center, the principal angiographers involved in the care of patients 
in this study. 
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Discussion 


Davip BREWSTER, MD, Boston: The authors’ finding that 
surgical cost was equal to or in many cases less than the cost of 
thrombolytic therapy is perhaps at first glance somewhat surpris- 
ing. The resource use of thrombolytic therapy is substantial. 
Furthermore, the complication rate is significant. Conventional 
surgical approaches therefore still have applicability in the great 
majority of these patients. Our own approach is to restrict the use 
of thrombolytic therapy to those patients with unusual problems 
in whom surgical therapy is particularly difficult or likely to be 
unsuccessful. The one problem area for which we continue to have 
some enthusiasm is the management of infrainguinal graft occlu- 
sion. Although most of these patients will still require surgery, 
we find that dissolution of the clot and angiographic identification 
of the cause of graft failure are useful. Can you expand a bit on 
your current indications for the use of thrombolytic therapy? 

WILLARD JoHNsoN, MD, Boston: I would ask the authors 
whether or not their results related to the length of time of 
infusion. If you only need 24 hours to declare success or failure, 
your costs become much lower. We believe there must be significant 
lysis to continue with lytic therapy beyond 24 hours. 

WirLiAM Mackey, MD, Boston: At the New England Medical 
Center, we now use thrombolytic therapy much more as a diag- 
nostic adjunct to improve the visualization of the distal outflow 
traet in eases with multiple previous operations or known difficult 
distal anatomy. We have kept the cost to a minimum because the 
period of thrombolysis is usually in the 18- to 30-hour range or 
less. The real secret is to uncover what the cause of graft failure 
is so that you can get on with an expeditious operation or 
angioplasty. 

RICHARD GUusBERG, MD, New Haven, Conn: At Yale, we have 
found that the patients in whom lysis is most likely to succeed are 
those with either recent graft thromboses or iliac thromboses. 
Also, recently we have had better success using high-dose uroki- 
nase in the range of 240000 U/h. With the tip of the catheter in 
the clot, particularly in the iliac position, if we are not able to lyse 
any clot within two hours, subsequent lysis is considered highly 
unlikely and the infusion is discontinued. That might limit the 
cost and be a better predictor of effectiveness. t 
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Dr CRoNENWETT: Dr Brewster, we agree with the concept that 
the indications for thrombolytic therapy are narrowing. We cur- 
rently use it for patients who have extensive distal disease and for 
whom surgical therapy is not appropriate. We have begun to 
restrict it even in patients who are poor operative risks because a 
number of these patients have had to go urgently to the operating 
room due to complications of thrombolytic treatment. In those 
situations, a carefully planned elective procedure would have been 
more appropriate. There are occasional cases where an almost 
normal underlying artery may be occluded, such as in a low-flow 
state. Here, thrombolysis seems to be more effective. Finally, we 
have begun to explore the intraoperative use of lytic therapy on a 
limited basis in patients in whom the distal outflow tract cannot 
be adequately thrombectomized operatively. 

Dr Johnson, the time of infusion in our study did not correlate 
well with outcome, so that it was not possible to predict that 
success would not have occurred beyond 24 hours of infusion. 

Dr Gusberg, in terms of iliac or more proximal thromboses, 
there are more successes in this area. There is also an extremely 
high rate of surgical success in the same patient group. One then 
approaches the question of durability, an issue that was not 
addressed in our study. In the later patients studied in our series, 
our radiologists have adopted the high-dose, short-term urokinase 
infusion technique, but we have not yet seen substantial differ- 
ences in outcome using that technique. 

This review was stimulated by concerns about increasing medi- 
cal costs and particularly the high cost of urokinase. Nonetheless, 
we were surprised at the magnitude of the expense of thrombolytic 
treatment, when compared with surgery. There is some tendency 
on the part of our medical colleagues to assume that less invasive 
therapy is always the correct approach, particularly in elderly 
patients with advanced disease. I think that the data in this study 
are the type that need to be presented to refute that concept in 
general. Finally, newer fibrinolytic agents may become available 
that could change these results and make this treatment more 
cost-effective. Until that happens, I believe that we have to be 
cireumspect about the application of this technique. 
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Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
'PRIMAXIN; CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

2 as ches ag Isolation of the patient may be advisable. Other causes of colitis should also 
e considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of «5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 

Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
adverse effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth 
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or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. . 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. » 


Nursing Mothers—lt is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
lered to a nursing woman. 


Pediatric Use—Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
(3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
(0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.496), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, gastroenteritis, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
iiy tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Who/e—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes— Adverse laboratory changes without regard to drug relation- 
ship that were reported ud clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including  ' 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils; Electrolytes—decreased serum sodium, increased potas- 
sium, increased chloride; Rena/—increased BUN, creatinine; Urina/ysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
and single-dose ADD-Vantage"* vials containing imipenem anhydrous and cilastatin sodium 
equivalent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is'not for direct infusion. M G D 
For more detailed information, consult your MSD Representative or see RCK 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc., an E 
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‘Registered trademark of Abbott Laboratories, Inc. 
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Supplemental Oxygen and Dependent 


Positioning as Adjunctive Measures to 


Improve Forefoot Tissue Oxygenation 


Willard C. Johnson, MD; Henry I. Grant, MD; Donna Baldwin, RN; 


Janis V. Hamilton, RN; Janice M. Dion, RN 


e Fifty-seven patients with resting pain or tissue necrosis 
were found to have a forefoot transcutaneous tissue oxygen 
(tcPo,) level less than 30 mm Hg. The adjunctive measures of 
foot dependency (36 cm below heart level) and nasal oxygen 
of 3 L/min were evaluated in these patients. In general, the 
improvement in tcPo, levels with these adjunctive measures 
was not related to basal levels of forefoot or arm tcPo,. One 
can expect an increase in tcPo, level of approximately 
22 mm Hg while employing the dependent position and an 
additional benefit of 12 mm Hg with the administration of 
nasal oxygen. Of the 35 patients with a basal forefoot tcPo, 
level of less than 10 mm Hg, 11 did not respond to these 
adjunctive measures. 

(Arch Surg 1988;123:1227-1230) 


he diagnostic evaluation of the patient with foot pain 

and tissue necrosis may be difficult if one must rely 
only on physical examination and Doppler assessment. 
Measurement of transcutaneous tissue oxygen (tcPo,) aids 
in this assessment and may provide information to evaluate 
the etiologic contributions of neuropathy and vascular 
occlusive disease.'? Additionally, this technique is being 
evaluated as to its predictive value for the success or failure 
of an amputation*’; levels below 20 mm Hg usually predict 
failure, levels above 30 mm Hg predict success, and levels 
between 20 and 30 mm Hg are regarded as indeterminant. 
The purpose of this article is to present our observations 
using foot dependency and nasal oxygen as nonoperative 
measures that may improve forefoot hypoxia. 


PATIENTS AND METHODS 


Between January and August 1987, all patients admitted to the 
Boston Veterans Adminstration Medical Center with resting pain 
or tissue necrosis were evaluated in the vascular laboratory with 
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Doppler assessment and tcPo, using a Kontron-Roche 632 Module 
(Everett, Mass). Patients with foot edema, dermatitis, or cellulitis 
were excluded. A sensor core temperature of 44°C was used. With 
the patient in a supine position in a "cardiac chair," simultaneous 
readings were taken with sensors at the medial aspect of the 
upper part of the arm, the calf, and the dorsum of the foot. The 
sensors were left on for 15 minutes to reach stabilization. If the 
forefoot value was less than 30 mm Hg, adjunctive measures of 
dependency and supplemental oxygen were evaluated. For de- 
pendency, the patient was repositioned with the feet 36 cem below 
heart level. After a 15-minute period, the tcPo, values were 
recorded. Finally, with the patient remaining in this dependent 
position, nasal oxygen was administered at 3 L/min for 15 minutes, 
and the tcPo, measurements were once again recorded. A control 
group of five healthy hospital personnel were evaluated in the 
same manner as the patients with a tcPo, of less than 30 mm Hg. 
Paired one-sided t test analysis was used to compare the supine, 
dependent, and supplemental oxygen values. Standard errors of 
the mean are used to express the variation in mean values. 


RESULTS 
Validation of Technique 


Ten patients had their response to dependency and nasal 
oxygen values measured after 15, 20, 25, 30, 45, and 60 
minutes. Stabilization of values was present at 15 minutes 
in patients with low or normal tcPo, values. 

Five patients had their chest wall tcPo, level compared 
with the tcPo, level of the medial aspect of the upper part 
of the arm. There was good correlation between the 
measurements, with the arm usually having a value ap- 
proximately 5 mm Hg greater than the chest wall. Because 
the arm may more likely represent maximal tissue oxygen- 
ation and is a good sensor contact, it was used as the 
reference measurement in the last 40 patients entered into 
this study. 


Clinical Group 


During the study, 57 patients with resting pain (n = 19) 
or necrosis (n —38) had a forefoot tcPo, level of less than 
30 mm Hg when measured in the supine position. Half of 
these patients were diabetic. The ankle-brachial index 
(ABI) varied from zero to greater than one, as many 
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Fig 1.—Relationship between transcutaneous tissue oxygen 


(tcPo,) index and foot position and supplemental oxygen therapy 
(see text for description of groups). 


patients had noncompressible vessels. A regression anal- 
ysis gave a poor correlation between the ABI and tcPo, 
(r= .549). 

The data from the 57 patients were categorized into 
three groups by the severity of forefoot ischemia. Group A 
(35 patients) had a tcPo, value of less than 10 mm Hg 
(average, 5.4 mm Hg); group B (14 patients) had a tcPo, 
value of 10 to 19 mm Hg (average, 12.9 mm Hg); and group 
C (eight patients) had a tcPo, value of 20 to 29 mm Hg 
(average, 24 mm Hg). 


Response to Dependency 


In the control group, the average forefoot value increased 
from 61 to 73 mm Hg when the feet were placed in a 
dependent position. At that same time, the average arm 
value increased from 64 to 72 mm Hg, and the foot/arm 
tePo, index remained essentially 1.0. In patients, the 
average arm tcPo, increased from 58.9 to 61.3 mm Hg 
(not significant) when the feet were placed in the dependent 
position. Eleven of 35 patients with a supine foot tcPo, 
level of less than 10 mm Hg did not increase this level 
3 mm Hg or more with dependency or nasal oxygen, and 
these patients were separately categorized as nonrespond- 
ers and analyzed separately from group A. The tcPo, level 
at the forefoot increased an average of 21 — 2.2 mm Hg for 
group A, 22-2.9 mm Hg for group B, and 
21+5.5 mm Hg for group C when the foot was placed 
36 em below the heart level (Fig 1). These increases are 
significant (P<.01). The foot/arm tcPo, index increased 
from 0.10 to 0.45 in group A, from 0.25 to 0.61 in group B, 
and from 0.46 to 0.73 in group C (Fig 2). These increases 
in the foot/arm tcPo, index are also significant (P<.01). 
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Response to Nasal Oxygen 


In the control group, the arm tcPo, increased signifi- 
cantly with nasal oxygen from 72 to 97 mm Hg, while the 
forefoot tePo, increased from 73 to 103 mm Hg. The foot/ 
arm tcPo, index did not significantly increase with the 
administration of nasal oxygen. In patients, the average 
arm tcPo, increased significantly (P=.007) from 61.3 to 
86.2 mm Hg with the administration of nasal oxygen at 
3 L/min. Dependent forefoot tcPo, increased an average 
of 12+1.7 mm Hg in group A, 11+2.4 mm Hg in group B, 
and 13+4.3 mm Hg in group C (Fig 2). These increases 
were significant (P<.02). The foot/arm tcPo, index in- 
creased from 0.45 to 0.49 in group A and from 0.61 to 0.63 
in group B, and decreased from 0.73 to 0.71 in group C; 
the changes were not significant (Fig 2). In five patients 
studied in both the supine and dependent positions, nasal 
oxygen gave an additional increase in tcPo, of 6 mm Hg in 
the supine position and 16 mm Hg in the dependent 
position. 


Responses as Related to Initial Arm tcPo, 


Patients were subgrouped into those with an initial arm 
tePo, value of 70 mm Hg or greater (group D), 60 to 
69 mm Hg (group E), and less than 60 mm Hg (group F). 
Group D had an average supine forefoot tcPo, value of 
18 mm Hg that increased to 48 mm Hg with dependency 
and increased to 54 mm Hg with nasal oxygen. Group E 
had an average supine forefoot tcPo, level of 10 mm Hg, 
which increased to 37 mm Hg with dependency and to 52 
mm Hg with nasal oxygen. Group F had an average supine 
forefoot tePo, level of 9 mm Hg that increased to 


Tissue Oxygenation—Johnson et al 


23 mm Hg with dependency and to 40.3 mm Hg with nasal 
oxygen. The magnitude of improvement with dependency 
and nasal oxygen were similar and unrelated to initial arm 
or forefoot values. 

Therapeutic Trials 

A 67-year-old non-insulin-dependent diabetic with mild 
congestive heart failure (cardiac ejection fraction of 15%) 
had necrosis on the distal portion of his second toe. His 
forefoot tePo, level was 11 mm Hg, which increased to 
50 mm Hg with dependency and nasal oxygen. A digital 
amputation was performed with the foot positioned de- 
pendently and oxygen administered at 3 L/min during the 
operation and for seven days thereafter. The amputation 
healed and remained healed for seven months, at which 
time the patient died of heart failure. 

A 67-year-old nondiabetic who had an axillofemoral 
bypass for iliac occlusive disease had severe rest pain in 
his first toe. There was angiographic demonstration of 
occlusion of the superficial femoral and popliteal arteries. 
His ABI was 0.37 and the supine forefoot tcPo, level was 
21 mm Hg, which increased to 79 mm Hg with dependency 
and nasal oxygen. With these adjunctive measures for the 
first seven days after the toe amputation, the amputation 
site healed and has remained healed for four months. 

A 67-year-old non-insulin-dependent diabetic with a 
superficial femoral and popliteal endarterectomy that 
failed presented with a painful foot ulcer. The ABI was 
0.32. His arterial blood Po, level was 104 mm Hg, while 
his chest tcPo, level was 64 mm Hg. The basal forefoot 
tcPo, level was 6 mm Hg, which increased to 56 mm Hg 
with dependency and nasal oxygen. He used these adjunc- 
tive measures for one month at home while his ulcers 
healed. | 

COMMENT 

The observation in this study that forefoot hypoxia in 
ischemic limbs is significantly improved by dependency is 
best explained by an increased blood flow that is associated 
with an increase in the hydrostatic pressure within the 
arterial system. The finding that a 36-em H,O dependency 
gave a similar increase (22 mm Hg) in tcPo, in each 
subgroup of ischemic feet supports the hydrostatic pres- 
sure concept, which explains the observation that individ- 
uals with nocturnal resting pain gain relief if they hang 
their feet over the side of the bed or get up and slowly 
walk around. Eickhoff and Henriksen,’ using xenon Xe 133 
washout techniques have noted similar observations with 
dependency. No increase in flow was noted in healthy 
subjects or patients with mild claudication. However, 
dependency in patients with resting pain provided an 
average increase in flow of 28% (range, 40% to 600%), and 
in patients with necrosis a 44% increase in flow (range, 
18% to 580%). Eickhoff and Henriksen suggest that there 
is an autoregulatory mechanism present that offers vaso- 
constriction of the lower extremities as the leg is lowered 
in normal individuals. In individuals with significant ische- 
mia, however, this autoregulatory vasoconstriction does 
not occur, allowing the benefits of hydrostatic pressure to 
improve tissue perfusion. 

Does the tePo, as determined by the Clark polargraphic 
electrode properly assess the tissue tcPo, of an ischemic 
limb? Transcutaneous tissue oxygen values differ from 
arterial oxygen values because of four temperature-de- 
pendent factors—first, a shift to the right in the oxyhe- 
maglobin dissociation curve with heating of the capillary 
bed; second, metabolic consumption of oxygen by the 
dermal tissue; third, the skin resistance to oxygen diffusion 
(stratum corneum permeability); and fourth, the rate of 
eutaneous blood flow. Since the effects of the first two 
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factors tend to cancel each other, the relationship between 
transeutaneously measured tissue oxygen and arterial 
oxygen depends on the skin permeability and skin blood 
flow. Local factors that can limit the reliability of transcu- 
taneous oxygen measurements include inereased skin 
thickness, obesity, hyperkeratosis, edema, or cellulitis— 
all of which reduce the diffusion of oxygen. Skin permea- 
bility to oxygen is optimized by heating the skin to 44°C 
to 45°C, which causes a temperature-dependent micro- 
structural change in the stratum corneum from solid to 
liquid. With normal tissue circulation, the heated sensor 
increases the oxygen supply far above the metabolic needs 
of the tissue. However, in ischemic limbs, the oxygen 
supply may not exceed tissue oxygen consumption, and 
the transcutaneous oxygen level decreases relative to the 
arterial oxygen level. When oxygen delivery by the capil- 
lary equals metabolic consumption of the skin, no oxygen 
will be sensed by the transcutaneous electrode even though 
skin blood flow may be present. Thus, in very low flow 
states, the tcPo, level will underestimate the true value of 
tissue Po,. 

When one compares studies, several different levels of 
tePo, are encountered that are believed to be critical for 
healing.*^ This variation may be best explained by the 
different noble metal cathodes (gold or platinum) and 
sensor temperatures that vary between 44°C and 45°C. 
Malone et al‘ suggested a minimum tcPo, level of 
20 mm Hg, while Karanfilian et al* suggested a level of 
10 mm Hg. Wyss et al? suggested that in diabetics, a level 
of 20 mm Hg is too low. 

With nasal oxygen supplementation, the plasma oxygen 
content may become a significant contributing factor to 
the increase of tcPo, levels seen in ischemic feet when the 
rate of blood flow is so slow that oxygen has been maximally 
extracted from the red blood cell. This benefit of supple- 
mental oxygen therapy for foot ischemia may be analogous 
to the use of oxygen therapy in patients with coronary 
artery occlusive disease. Experimental work in myocardial 
infarction in canines suggests that the inspiration of 40% 
oxygen will reduce infarct size.* Horvat et al’ have dem- 
onstrated in humans that supplemental oxygen increases 
the threshold at which angina occurs during atrial pacing. 
Our observation that supplemental oxygen will improve 
tissue hypoxia in extremities with vascular occlusive dis- 
ease supports the concept that supplemental oxygen may 
be beneficial to the myocardium distal to an occluded 
coronary artery. 

For the clinical application of these adjunctive measures 
(dependency and oxygen), we have chosen a minimal level 
of 30 mm Hg at which adequate healing is likely to occur. 
However, patients with these adjunctive measures may 
benefit even if the tcPo, level is above 30 mm Hg. Jonsson 
et al! have demonstrated that an increase in inspired 
oxygen gave an increase in collagen accumulation in poly- 
tetrafluoroethylene tubes placed in general surgical pa- 
tients. 

We propose that patients with forefoot ischemia have 
their tcPo, levels determined. If the forefoot tcPo, level is 
less than 30 mm Hg, the response to dependency and nasal 
oxygen should be determined. If significant improvement 
is found with dependency, this may be the only adjunctive 
measure used. However, in some patients, the additional 
benefits of nasal oxygen may also be warranted. Foot 
edema should be avoided and may be minimized by peri- 
odically returning to the supine position and dorsiflexion 
of the foot while dependent. We suggest that one should 
attempt to achieve a minimal tcPo, level of 30 mm Hg at 
the forefoot by these adjunctive measures to heal an 
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amputation or ischemic ulcer. Other indications for de- 
pendency and nasal oxygen may be during the preoperative 
interval while one is preparing for vascular reconstruction 
and possibly in the treatment of acute ischemic syndromes. 
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Discussion 


BAUER Sumpio, MD, New Haven, Conn: The correlation of skin 
blood flow with tcPo, levels relies heavily on skin permeability to 
oxygen. Thus, the contribution of foot edema, cellulitis, and 
hypertrophie changes in the skin, which were the criteria for 
excluding some patients in this study, all need to be assessed in 
these patients. To maximize skin permeability to oxygen, it needs 
to be heated to about 45°C to microstructurally optimize its 
permeability. The variability induced by different metal cathodes 
and sensor temperatures contribute to the varying estimates of 
tcPo, levels by different investigators. While we have used this 
technique at Yale University, New Haven, Conn, as an adjunct to 
the noninvasive testing of patients, especially in diabetics, I think 
one needs to assess other techniques, such as laser Doppler 
velocimetry, skin temperature changes, or xenon Xe 133 washout, 
to verify these observations. I have a few questions. First, the 
authors studied the effect of dependency and nasal oxygen during 
one hour. Was there any further improvement or possible deteri- 
oration in tePo, levels with longer periods of time, that is, in the 
order of days to weeks? The corollary of this question is does the 
autoregulatory mechanism take longer in patients with significant 
ischemia and, therefore, might there not be any beneficial effect 
in the long term, in terms of tcPo,? Second, what percentage of 
patients developed foot edema with this procedure? Third, what 
was the effect of nasal supplemental oxygen alone? It would be 
interesting to see what the effect of oxygen alone was on the tcPo, 
level. 

WiLLiAM AnBoTT, MD, Boston: I would agree that the tcPo, 
level has its limitations, but it also is a very valuable technique 
that is vastly underutilized. It has been particularly useful, as Dr 
Johnson mentioned, in helping decide whether a lesion or an 
amputation will heal spontaneously or primarily, or will require 
some form of revascularization. I would say that our criteria are 
reasonably crisp on this. With tcPo, levels above 40 mm Hg, 
healing is quite likely, and below 30 mm Hg, healing is very 
unlikely. These values have also been used in trying to predict 
healing after revascularization. It is clear here that if some form 
of reconstructive surgery is performed and the tcPo, level does 
not improve, the limb will not be saved. Dr Johnson has taken 
what we have primarily used as a diagnostic exercise and now is 
using it to predict a therapeutie outcome, which raises some very 
intriguing questions. In the Soviet Union they believe that 
hyperbaric oxygenation is a good way to treat ischemic lesions in 
the lower extremity, and I would ask Dr Johnson if his data are 
strong enough that we ought to rethink that whole thing. Another 
thing that concerns me is that we are probably going to have to do 
a randomized study. There are so many other variables that control 
healing that unless we do this in a prospective and perhaps a 
randomized fashion, we are not going to know for sure whether 
supplemental measures are really of benefit. My last concern is 
the dependency issue. My firm belief is that edema is dangerous 
in an extremity that is trying to heal, especially in a local 
amputation in the foot. Thus, I think that treating persons with 
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dependency certainly has some risks, despite the fact that it may 
augment oxygenation. What are the effects of the oxygenation 
itself without the dependency? May we thus possibly rely on the 
additional oxygenation to achieve the same result? 

PAUL FRIEDMANN, Springfield, Ill: I would like to ask the 
following three questions of Dr Johnson: (1) Did you test the issue 
of reactive hyperemia? For example, in the old Buerger's exercises, 
what is the role of periodic elevation and then prolonged depend- 
ency? (2) Did you correlate your oxygenation levels with Po, levels 
in the arterial blood or with oxygen saturation levels? (3) Finally, 
a question about an old therapy that is now in disrepute, namely, 
the use of topical oxygen. Many old practitioners thought that 
topical oxygen promoted healing of ischemic as well as venous 
ulcers. Should that issue be restudied? 

Dr Jounson: I thank the discussants for their comments. With 
regard to topical oxygen, the methodology of transcutaneous 
oxygen measurements has clarified that for diffusion of oxygen 
across the dermis, the dermis needs to be heated to 44°C to 45°C. 
This would not be possible in a clinical setting. Whether topical 
oxygen applied directly to an ulcerative area is beneficial is a 
different question for which I cannot voice a response based on 
any data, but it might be helpful. With regard to reactive 
hyperemia (Buerger's exercises), I think it is clear that dependency 
of an ischemic limb does lead to an increase in blood flow* and an 
increase in tePo, (our own data) Periodic elevation may be 
necessary to prevent edema formation. With regard to the corre- 
lation of arterial blood gas values and the tcPo, values for the 
chest and arm, we have found the correlation to be good with an 
expected tcPo, value of 60 mm Hg when the arterial sample is 
90 mm Hg when measured at a skin temperature of 44°C. This 
correlation is dependent on the temperature of the cutaneous 
sensor. If the temperature is increased to 45°C, then the tcPo, 
level will increase to approximately 70 mm Hg. We did not use 
45°C because at that temperature some patients had discomfort 
and erythema. 

With regard to Dr Abbott's comments, I concur that a prospec- 
tive randomized study may be needed to determine if dependency 
and supplemental oxygen significantly improve the healing of an 
ischemic amputation. We are in the process of developing such a 
protocol. Edema with dependency may be a problem; however, 
some patients are so ischemic that with this degree of dependency 
they do not form edema. Other patients do begin to develop 
edema, and we then place them in a horizontal position while the 
edema resolves. For the troublesome patient, supplemental oxy- 
gen in the supine position will usually provide an increase of about 
15 mm Hg. If this is enough to get the tcPo, level above 
30 mm Hg, dependency may not be necessary. The possible bene- 
fit of hyperbaric oxygen has been proposed for a long time, and 
I suggest that the vascular community evaluate its efficacy in 
a scientific manner. It is intriguing that there are single ex- 
tremity hyperbaric units that can be used, but their efficacy is 
unknown. 


Tissue Oxygenation—Johnson et al 


TUTURGEUUUTUNECURUTUNE E a ane 


nidazolamHUl/Roche € 


NSTEAD 


..of hydroxyzine 


Sedates faster’ 


Jesirable Level VERSED hydroxyzine 
of Sedation at 43% 19% 
15 minutes: (64/149) — (19/101) 











irtually painless at 
.M. injection site" 


ricidence of VERSED  hydroxyzine 
Dain: 4.5% 471% 
(12/269) (64/136) 


: ronounced amnestic 
©=ffect 


«/ERSED is 3 to 4 times as potent per mg 

mas diazepam. |ndividualize dose. Reduced 
Joses may be sufficient in the elderly and 
lebilitated. Caution patients about driving or 
perating hazardous machinery after receiving 
“ERSED. 





INJECTABLE 


nid HO Roche Œ 


: VI Cc) 19RR hy f N he | | "i 
T Copyright c 1988 by Hoffmann-La Roche Inc. All right 
ROCHE / QU PUN DI Y C Cooreomouwu omo « AONO CN -4 Pa Bla! ta con 9212 2 





, MULTE LADUTAIOTIES. Z. VEHSEU* 


(brand of midazolam HCl/Roche) (V , Scientific Summary, Roche Laboratories, a 
division of Hoffmann-La Roche Inc., Nutley, NJ, 1986. 





VERSED* 
(brand of midazolam HCl/Roche) ( 
INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 


Intravenous VERSED has been associated with respiratory depression and respi- 
ratory arrest, especially when used for conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
pital or ambulatory care settings, including physicians" offices, that provide for 
continuous monitoring of respiratory and cardiac function. Immediate availability 
of resuscitative drugs and equipment and personnel trained in their use should be 
assured. (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concomi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to facilitate slower injection. Consult complete product information 
under DOSAGE AND ADMINISTRATION for complete dosing information. 





CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
diazepines are contraindicated in patients with acute narrow angle glaucoma; may 
be used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personnel for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures are 
taken immediately. Vital signs should continue to be monitored during the recovery 
period. Because IV VERSED depresses respiration, and opioid agonists and other 
sedatives can add to this depression, it should be administered as an induction agent 
only by a person trained in general anesthesia and should be used for conscious 
sedation only in the presence of personnel skilled in early detection of underventila- 
tion, maintaining a patent airway and supporting ventilation. For conscious seda- 
tion, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diag- 
nostic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premedicated 
with narcotic. 

Reactions such as agitation, involuntary movements, hyperactivity and combativeness 


have been reported. These may be due to inadequate or excessive dosing or improper 


administration; however, the possibility of cerebral hypoxia or true paradoxical 
reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 
Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly. Because elderly patients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been shown to 
decrease with age, reduce initial dosage and consider possibility of a profound and/or 
prolonged effect. 
Do not administer in shock, coma, acute alcoho! intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation. 
Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized; it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesia, whichever is longer. 
Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chlordiazepoxide) has been 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
of the potential hazard to the fetus. 
PRECAUTIONS: General: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 
VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 
information for patients: Communicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcohol consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines; therefore, caution should be 
exercised regarding simultaneous ingestion of alcohol and benzodiazepines. 


1232 


VERSED® (brand of midazolam HCl/Roche) 


2. Inform your physician if you are pregnant or are planning to become pregnant. 

3. Inform your physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital 
and Innovar (fentany! and droperidol). Consequently, adjust the dosage according to 
the type and amount of premedication. 

A moderate reduction in induction dosage requirements of thiopental (about 15%) 
has been noted following use of IM VERSED for premedication. 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together in patients without noting clinically signifi- 
cant changes in dosage, onset or duration. VERSED does not protect against the 
characteristic circulatory charges noted after administration of succinylcholine or 
pancuronium, or against the increased intracranial pressure noted following adminis- 
tration of succinylcholine. VERSED does not cause a clinically significant change in 
dosage, onset or duration of a single intubating dose of succinylcholine. 

No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succinylcholine and nondepolarizing 
muscle relaxants) or topical local anesthetics (including lidocaine, dyclonine HC! and 
Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with 
clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats had 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
were found after chronic use, whereas human use will ordinarily be of single or several 
doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not rec- 
ommended for obstetrical use. 

Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 years have not 
been established. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespiratory 
events and possible paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.396 of patients following 
IV and 10.896 of patients following IM administration) and apnea (15.496 of patients 
following IV administration), as well as variations in blood pressure and pulse rate. 
Following IM injection: headache (1.396); local effects at IM site: pain (3.796), induration 
(0.596), redness (0.596), muscle stiffness (0.396). Following IV administration: hic- 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%), headache (1.5%), drowsiness (1.2%); local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (<1%) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respirations, 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, tachycardia, nodal rhythm. Gastrointestinal: Acid 
taste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, 
euphoria, confusion, argumentativeness, nervousness, anxiety, grogginess, restless- 
ness, emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia. 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic movements 
of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss of balance, 
lightheadedness. /ntegumentary: Hives, hive-like elevation at injection site, swelling 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
neous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiv- 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e.g., sedation, somnolence, confusion, impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest. 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product information. 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 
* 
340 Kingsland Street, Nutley, New Jersey 07110-1199 


P.I. 0288 


— I 


Enhanced Collagen Production by 


Mechanical Stretching 


- Smooth Muscle Cells During Repetitive 


Bauer E. Sumpio, MD, PhD; Albert J. Banes, PhD; William G. Link, PhD; George Johnson, Jr, MD 


e We examined the effect of repetitive mechanical stretching 
on smooth muscle cell (SMC) collagen production. Porcine 
SMCs from passages 3 through 7 were seeded in 35-mm* 
flexible-bottomed culture wells at a concentration of 2 x 105 
cells per well and allowed to attach for 24 hours. The experi- 
mental group was placed in a vacuum-operated stress-provid- 
ing instrument that exerted an average elongation of 25% at 
maximum downward deflection of the culture plate bottom. 
The stretched cells (nine wells per day) were subjected to a 
cyclic force regimen of 10 s of elongation and 10 s of relaxation 
for five days. The control cells (nine wells per day) were 
subjected to incubation conditions similar to those in the 
experimental group but without cyclic stretching. Twenty-four 
hours before harvesting, serum-free medium containing 
50-..Ci tritiated proline, an amino acid hydroxylated in collagen 
(hydroxyproline), and 50 pg/mL of ascorbate was added per 
well. On days 3 and 5 the medium and cells were collected, 
precipitated with trichloroacetic acid, and then sedimented, 
lyophilized, and analyzed to separate hydroxyproline and 
proline. Values for collagen and noncollagen protein were 
calculated after quantitation of the hydroxyproline and proline 
concentrations. The results indicate that three-cycle-per-min- 
ute stretching coordinately stimulated SMC production of 
collagen and noncollagen protein. We conclude that pulsatile 
stretch enhances collagen and noncollagen protein synthesis. 

(Arch Surg 1988;123:1233-1236) 


mooth muscle cells (SMCs) are the predominant cell 

type in the media of blood vessel walls and they 
produce a variety of molecules that compose the extracel- 
lular matrix.'? This connective tissue matrix forms the 
foundation of the vessel wall and plays an important role 
in its mechanical properties. The production of matrix 
molecules by vascular SMCs has been shown to be quanti- 
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tatively and qualitatively altered during hypertension,’ 
atherosclerosis,? angiogenesis,‘ and early development.’ 
Collagen is one of the primary components of the SMC 
matrix and has been shown to be altered in the situations 
described above, in which tensile stress has been applied 
to the vessel wall. 

Results from our laboratory, as well as others, have 
emphasized the important role of physical forces in modu- 
lating cellular function and proliferation.* Endothelial 
cells have been shown to proliferate, alter their actin 
cytoskeletal organization, and alter the quality of their 
protein profile after experiencing a low-frequency (three 
cycles per minute) cyclic force regimen.’* In contrast, 
recent studies with porcine aortic SMCs have demon- 
strated that the same cyclic regimen of stretching results 
in a reduction of DNA synthesis and cell number.” The 
effect of physical forces on collagen synthesis by cultured 
SMCs has not been clearly defined. However, this is 
important in understanding not only the processes under- 
lying atherogenesis, angiogenesis, and normal develop- 
ment but also for regulating collagen synthesis in vivo 
during processes such as endothelial denudation. In the 
present report we demonstrate that porcine aortic SMCs 
respond to a three-cycle-per-minute force regimen by 
coordinately increasing both collagen and noncollagen 
protein synthesis. 


MATERIALS AND METHODS 
Cell Culture 


Aortas were removed aseptically from young pigs and trans- 
ferred on ice to the tissue-culture facility. The vessels were opened 
in a laminar-flow hood and the endothelial cell layer was mechan- 
ically seraped off. Two-millimeter punch biopsy specimens of the 
SMC layer were obtained and placed in a culture dish with medium 
consisting of Dulbecco’s modified Eagle's medium supplemented 
with 10% vol/vol heat-inactivated fetal calf serum, antibiotics 
(300 U/mL of penicillin, 300 pg/mL of streptomycin), and 0.2 
mmol/L of L-glutamine. The smooth muscle biopsy specimens 
were left at 37°C in a 5% carbon dioxide incubator until SMC 
explants were detected. The cells were subcultured using 0.01% 
trypsin and passages 3 through 7 were used. 
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Fig 1.—Collagen synthesis by cultured smooth muscle cells 
subjected to static (unshaded bars) or cyclic stretch (shaded bars) 
environment for three (left) and five (right) days. dpm indicates 
disintegrations per minute; asterisk, P<.05. Values are mean + SD. 
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Fig 2.—Noncollagen protein synthesis by cultured smooth muscle 
cells subjected to static (unshaded bars) or cyclic stretch (shaded 
bars) environment for three (left) or five (right) days. dpm indi- 
cates disintegrations per minute; asterisk, P<.05. Values are 
mean + SD. 
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In Vitro Application of Stress to Cultured Cells 


The stress unit (Flexercel Stress Unit, Flexcel Corp, Durham, 
NC) has been previously described.* It consists of a vacuum unit 
connected to a regulator solenoid valve that is controlled by a 
computer with a timer program. The timer controls the duration 
and frequency of the applied stress or relaxation. Cells were 
cultured on flexible-bottomed culture plates with a hydrophilic 
surface (Flex plate, Flexcel Corp) that could be deformed by 
vacuum. The degree of deformation was regulated by controlling 
the vacuum level. Since the cells were attached to the surface of 
the culture dish, they presumably experienced the same force that 
was applied to the plate bottom. Real-time video experiments 
showed that the cells remained attached to the substratum during 
elongation (unpublished data). For these experiments, the SMCs 
in culture were subjected to cycles of 10 s of a maximum 25% 
elongation (average elongation, 10% over the entire culture plate 
surface) and 10 s of relaxation for five days., 


Quantitation of Collagen and Noncollagen 
Protein Synthesis 


To investigate collagen and noncollagen protein synthesis, SMCs 
were grown in six-well Flexcel plates (200000 cells per 35-mm* 
well) and allowed to attach for 24 hours before experimentation. 
Twenty-four hours before harvesting the cells or supernatant the 
cells were cultured in 2 mL of serum-free medium containing 


1234 Arch Surg—Vol 123, Oct 1988 








S : 
V 
SS 


Relative Collagen Synthesis, 96 





Day 3 Day 5 

Fig 3.—Percent relative collagen synthesis in cell and medium of 
smooth muscle cells cultured under static (unshaded bars) or 
cyclic stretch (shaded bars) conditions for three (left) and five 
(right) days. Percent relative collagen synthesis was calculated 
as collagen disintegrations per minute (dpm)/collagen 
dpm +noncollagen dpm x 100%. There was no significant differ- 
ence between groups. 
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Fig 4.—Percent collagen and noncollagen protein secretion by 
smooth muscle cells cultured under static (unshaded bars) or 
cyclic stretch (shaded bars) conditions for three (left) or five (right) 
days. Percent secretion was calculated as disintegrations per 
minute (dpm) in medium/dpm in cell+dpm in medium x 100%. 
There was no significant difference among the groups. 


Collagen & Noncollagen Protein Secretion, % 


Noncollagen 


50-uCi of L-(5-*H) proline, an amino acid that is hydroxylated at 
specific sites in collagen, and supplemented with 50 pg/mL of 
ascorbic acid, 0.2 mmol/L of L-glutamine, and antibiotics. The 
radioisotope was lyophilized before use. On days 3 and 5 the 
medium from the static (nine wells per day) and experimental 
(nine wells per day) groups was collected and the cells were 
scraped from the bottom, transferred to chilled tubes, and pro- 
cessed separately. Calf serum (50 pL) was added as carrier protein 
and the suspension was mixed and then precipitated with trichlo- 
roacetic acid (TCA)-tannic acid (TA) (final concentration, 5% TCA 
and 0.125% TA). Precipitates were washed with TCA-TA until 
radioactivity in 1 mL of a 10-mL wash was less than 100 cpm and 
then the samples were sedimented and lyophilized. Hydrochloric 
acid was added to each pellet to a final concentration of 6N, the 
tubes were sealed, and the samples were hydrolyzed overnight at 
110°C. The tubes were then opened, cooled, and filtered through 
a fine glass filter. Hydroxyproline was quantitated by a chemical 
assay based on the oxidation of hydroxyproline to a pyrrole 
derivative that produces a chromogen with Ehrlich’s reagent." 
The absorbance was recorded at 565 nm and a standard curve was 
prepared. Calculation of collagen and noncollagen protein synthe- 
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sis per culture was based on quantitation of hydroxyproline and 
proline. Appropriate corrections were made for the efficiency of 
counting, volume counted, volume of homogenate hydrolyzed, and 
amount of hydroxyproline in collagen (12.8%). To calculate the 
amount of noncollagen protein present, 14.7% of the radioactivity 
in collagen (proline radioactivity) was subtracted from the tota] 
proline radioactivity and that value was divided by 0.041 to yield 
the radioactivity value of noncollagen protein present.” 

The cell count in an aliquot of the original sample was determined 
using a Coulter cell counter (Model ZM, Coulter Electronics Ltd, 
Manchester, England) and the amounts of collagen and noncollagen 
protein were corrected for the cell count. 


Statistics 


All data are shown as the mean+SD. All calculations were 
performed using the Systat software program (Systat Inc, Evans- 
ton, Ill) on an IBM-PC computer (IBM Corp, Boca Raton, Fla). 
Levels of significance were verified by using an analysis of variance 
and a Tukey test. 


RESULTS 


The synthesis of hydroxylated collagen was unaltered in 
the medium and cell extracts of SMCs cyclically stretched 
for three days compared with the static controls (Fig 1, 
left). Stretching the cells for five days, however, led to an 
increased amount of collagen in both the cell preparation 
and the supernatant fluids compared with controls (Fig 1, 
right). The pattern for noncollagen synthesis paralleled 
the changes in collagen protein synthesis (Fig 2). 

Relative collagen synthesis (collagen disintegrations per 
minute [dpm]/collagen dpm+noncollagen dpm) by SMCs 
was 5.2% + 0.8% and was not significantly different in the 
stretched or static group (Fig 3). Likewise, the percent 
collagen and noncollagen protein secretion was not statis- 
tically different between the two groups (Fig 4). 


COMMENT 


Abnormalities in vascular smooth muscle differentiation 
and proliferation are characteristic of both the atheroscle- 
rotic plaque and the pathologic changes of hypertensive 
microvessels,'* Vascular SMCs maintained in culture pro- 
duce many of the known components of the extracellular 
matrix, including collagen." Whether the expression of 
specific extracellular matrix molecules in vitro reflects 
expression of these matrix components at some point 
during SMC development remains unclear. The major 
detriment to the solution of this problem has been the lack 
of a good in vitro model that mimics the dynamic environ- 
ment perceived by the SMC in vivo. Leung et al subjected 
SMCs grown on elastin membranes to repeated elongation 
and relaxation and noted an increase in collagen and protein 
synthesis without a substantial increase in cell prolifera- 
tion. Sottiurai et al'* correlated the increase in collagen 
produetion by SMCs in that system with changes in cell 
structure. They reported a fourfold to fivefold increase in 
rough endoplasmic reticulum and dilated cisternae depend- 
ing on the duration of stretching. In the present system, 
SMCs were grown on flexible Silastic membranes with a 
hydrophilic surface and subjected to vacuum deformation 
and relaxation cycles. Despite the low frequency (three 
cycles per minute) of stimulation compared with that used 
by Leung et al (52 cycles per minute), the results were 
qualitatively similar in that collagen and noncollagen pro- 
tein synthesis were stimulated coordinately. In contrast, 
however, our previous studies” have shown inhibition of 
SMC proliferation with the same stretching regimen while 
Leung and colleagues’ investigation showed no change in 
cell number. The difference may be attributed to either the 
differences in the level of confluency of the cells, the rate 
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of stretching, the amount of strain generated with each 
stretch, the surface interactions, or a combination of thes: 
factors. Other laboratories" have grown cells in high- 
density culture and then placed the cell layer in a cyclic 
stretching apparatus, subjecting it to 5.5% strain at a rate 
of 12 cycles per minute. When SMCs have been tested in 
such a system they have demonstrated an inhibition in cell 
number and an increase in collagen synthesis (Barry Oakes, 
PhD, oral communication, Feb 11, 1987). 

The production of collagen by cultured SMCs has also 
been shown to be selectively and quantitatively increased 
as a percent of total protein synthesis by heparin 
treatment/*/? and decreased by treatment of SMCs with 17 
B-estradiol.” Cells cultured from atherosclerotic aortas” 
or treated with growth factors? also produced more colla- 
gen per cell but collagen production relative to total protein 
synthesis was unchanged. The rate of procollagen mRNA 
synthesis and translational and posttranslational modifi- 
cation, including hydroxylation and procollagen process- 
ing, are factors that influence the synthesis of collagen in 
vitro. At present, it is unknown which of these levels may 
be altered, leading to increased collagen production. How- 
ever, the rate of collagen secretion does not appear to be 
affected (Fig 4). In addition, further work must be done to 
elucidate the types of collagen produced." 

The cellular events involved in the transduction of the 
mechanical signal to alter DNA or protein synthesis remain 
unknown. Our early work with endothelial cells subjected 
to a similar three-cycle-per-minute regimen of mechanical 
deformation and relaxation demonstrated an increase in 
DNA synthesis and cell number associated with striking 
changes in cytoskeletal orientation and protein electropho- 
retic patterns. Aortic SMCs subjected to this similar 
regimen showed an inhibition of cell division. Thus, this 
regimen of mechanical perturbation appears to be per- 
ceived differently by different cell types. Other investiga- 
tors studying the effect of mechanical stretch on fibroblasts 
have found increased prostaglandin E, and cyclic adenosine 
monophosphate production.” These changes correlated 
with proliferation, growth, shape, and mobility of the 
fibroblast cells being studied. 

The significance of these studies lies in emphasizing the 
artificial nature of the “classic” tissue culture environment. 
For cells that reside in a dynamic environment in vivo, the 
static condition may be suboptimal or even inappropriate 
for the study of cell biology. The demonstration that 
collagen production by SMCs is increased significantly by 
cyclic stretching may reflect expression of this extracellu- 
lar matrix molecule in the in vivo state. Modulation of 
production of collagen in culture may reflect similar pro- 
cesses in vivo and may provide a valuable insight into the 
functional role of these molecules. 
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Discussion 


EpwarD Epwarps, MD, Boston: What happens to collagen in 
blood vessels is of extreme importance. We know that collagen is 
indeed produced in the matrix of SMCs, but fibroblasts produce 
much more collagen. Were there any fibroblasts growing where 
these SMCs were grown? It seems to me that fibroblasts do exist 
in vessel walls. Does stretching of fibroblasts induce them to grow 
and produce more collagen? 

RICHARD CAMBRIA, MD, Boston: It is the vascular SMC that is 
probably the effector cell of a number of pathologic responses in 
the vascular wall, including atherogenesis and intimal hyperplasia. 
The vaseular SMC ordinarily exists in a very quiescent, well- 
differentiated phenotype. In response to a number of stimuli, 
including injury and perhaps chronie hypertension, it may change 
from a well-differentiated phenotypic expression cell to a very 
poorly differentiated cell that then behaves entirely like a fibro- 
blast in a soft-tissue wound. As such, that cell is capable of 
proliferation and, perhaps more importantly, secretion. The im- 
portance of this work is mirrored in the present authors' attempt 
to dissect those two processes, namely, cell proliferation and cell 
secretion. Until recently it was our understanding that the two 
processes were always tied together in the pathologie response in 
the vascular wall. Recent work by Clowes and others has demon- 
strated that after the mitotic burst of cell proliferation has peaked 
approximately seven to ten days after operation, vascular grafting, 
or injury, an inexorable buildup of the material continues, forming 
the lesion that we refer to as intimal hyperplasia. Therefore, it 
may be important to identify not only the mediators of cell 
proliferation but also the mediators of secretion. How were 
cultures, particularly at the relatively late passage (passages 3 to 
7 were used in these experiments), guarded against fibroblast 
contamination? Why there was a difference between days 3 and 5 
in the experimental groups? Is there something special about 
stretching or could this dynamic culture environment merely be 
affording constant breakage of cell-to-cell contact, thereby inhib- 
iting cell secretion? 

Dr Sumpio: Drs Edwards and Cambria expressed their concern 
about contamination with fibroblasts. Although the predominant 
cell type in the media of the vessel wall is the SMC, there are 
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other cell types present. Fibroblasts are, in fact, common contam- 
inants with this procedure. However, the techniques of tissue 
culture have grown in sophistication during the past decade so 
that methods of ensuring homogeneity of cell cultures can be 
attained with reasonable certainty. Care has to be taken, as we 
have done, to ensure through each passage and by daily checks of 
the cultures that there is indeed a uniform population. When 
fibroblasts are present they eventually overrun the samples 
because of their rapid growth rate and they can be easily differ- 
entiated from the SMCs. In addition, results of ultrastructural 
studies from early and late passages of these SMCs that demon- 
strate their characteristic prominent cytoplasmic filaments. Most 
cell types, such as endothelial cells, fibroblasts, and SMCs, produce 
collagen, but they differ in the quantity and type of collagen that 
they produce. We have also examined the effect of stretching on 
fibroblasts as well as endothelial cells, so we have become familiar 
with the morphologie and functional characteristics of these 
different cell types. 

With regard to the methodologic questions raised by Dr Cam- 
bria, we processed nine wells per day, which was the combination 
of three experiments done on different days with each experiment 
involving three wells per day. Dr Cambria also raised the pertinent 
question of the actual role of stretching vs agitation of the culture 
media. It is clear from early studies by Leung et al on stretching 
of SMCs on elastin membranes (Leung DY, Glagov S, Mathews 
MB: Cyclic stretching stimulates synthesis of matrix components 
by arterial smooth muscle cells in vitro. Science 1976;91:475-477) 
that agitation must be controlled for. The effects are, however, 
quantitatively much smaller than the effects seen with pulsatile 
stretching. To control for the effects of perturbation of the fluid 
surface on cells, we have constructed a hydraulic rotor that rocks 
the cell at the same frequency as the stretched cells and we plan 
to study this mechanism further. With regard to cell proliferation 
and collagen production, I think that the key element in associating 
the two relates to the pathogenesis of atherosclerosis. We have 
preliminary data that suggest that these two phenomena can be 
separated in our system. 


Collagen Production—Sumpio et al 


o 


Papers Read Before the Annual Meeting 
of the Southern California Chapter of the 


American College of Surgeons, 


Newport Beach, Calif, Jan 22 to Jan 24, 1988 
Orthotopic Liver Transplantation 


for Biliary Atresia 


Evolution of Management 


J. Michael Millis, MD; John J. Brems, MD; Jonathan R. Hiatt, MD; Andrew S. Klein, MD; Tatsuto Ashizawa, MD; 
Kenneth P. Ramming, MD; William J. Quinones-Baldrich, MD; Ronald W. Busuttil, MD, PhD 


e Forty-five patients with biliary atresia were accepted for 
orthotopic liver transplantation. Nine patients died awaiting 
transplantation, and 36 underwent transplantation. A portoen- 
terostomy had been performed in 28 of these 36 patients, and 
its presence did not significantly affect the intraoperative 
blood loss (5.6 vs 4.1 blood volumes), the need for retrans- 
plantation (21% vs 12%), biliary complications (21% vs 12%), 
postoperative infections (36% vs 25%), or survival (82% vs 
63%). These results indicate that early portoenterostomy is 
appropriate early therapy for biliary atresia; however, prompt 
referral to a liver transplant center for evaluation at the first 
sign of cholestasis is needed to attain optimal results for 
transplantation. Revisions of the portoenterostomy prior to 
transplantation did not improve the longevity of the procedure 
but did substantially increase complications and death after 
orthotopic liver transplantation. 

(Arch Surg 1988;123:1237-1239) 


ae atresia affects between one in 8000 and one in 
15000 livebirths.'? Although the exact cause and 
pathogenesis of the syndrome remain the subject of consid- 
erable research and speculation, significant strides in 
management have been made over the past 25 years. The 
initial advance was by Kasai and Suzuki? in 1959 with the 
description of hepatic portoenterostomy for “noncorrect- 
able” biliary atresia. The goal of the procedure is to 
establish bile flow that will potentially retard the devel- 
opment of cirrhosis and prolong survival. Several modifi- 
cations of the original operation, including the construction 
of cutaneous stomas, have been introduced that have been 
reported to reduce the incidence of cholangitis, the major 
complication of the procedure.‘ 

Most major pediatric surgical centers recommend early 
hepatie portoenterostomy as the initial procedure for 
patients with biliary atresia. This early operative interven- 
tion provides restoration of bile flow in approximately 60% 
of the patients. However, many patients with functional 
hepatie portoenterostomies develop recurrent cholestasis, 
cirrhosis, portal hypertension, or cholangitis that results 
in frequent hospitalizations and ultimately in a reduction 
of long-term survival.? 

Liver transplantation is the most recent advance in the 
management of patients with biliary atresia. Starzl* re- 
ported a 65% five-year survival rate after transplantation 
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for 137 patients with biliary atresia treated at the Univer- 
sity of Pittsburgh. The relationship between previous 
portoenterostomy and liver transplantation needs to be 
clarified in light of the improved prognosis now seen in 
children with biliary atresia. To this end, we reviewed our 
experience with liver transplantation for biliary atresia 
with a focus on the effects of prior portoenterostomy. 


METHODS 


Between February 1984 and October 1987, 45 patients with 
biliary atresia were accepted for orthotopic liver transplantation 
at UCLA. Nine patients (five boys and four girls) died while 
awaiting transplantation, and 36 patients (16 boys and 20 girls) 
underwent liver transplantation. All patients received immuno- 
suppressive therapy consisting of cyclosporine or OKT3, cortico- 
steroids, and azathioprine sodium. 

The nine patients who died awaiting transplantation were 
compared with the 36 patients receiving liver transplants in terms 
of age, previous surgery, bilirubin level, and interval between 
referral to UCLA and death or liver transplantation. Furthermore, 
those patients who received transplants were evaluated to deter- 
mine the effect of previous surgical procedures, particularly 
portoenterostomy, on blood loss, postoperative complications, and 
survival. Follow-up of patients was 100%. Mean time of patient 
observation was 16.4 months, with a range of six to 42 months. 
The data were analyzed using Student's ¢ test. 


RESULTS 


The average age of the patients who died prior to 
transplantation was 8.4 months. The interval between 
acceptance and death was nine weeks. A portoenterostomy 
had been performed in seven (78%) of these nine patients, 
and two patients have had additional exploratory surgery 
for the absence of bile flow after the initial portoenteros- 
tomy. These patients were compared with those children 
undergoing liver transplantation (Table 1). 

Of the 36 patients undergoing transplantation proce- 
dures, 28 (78%) had undergone hepatic portoenterostomy. 
The age, weight, bilirubin level, and interval between 
acceptance and transplantation are summarized in Table 
2. The patients with previous portoenterostomies were 
approximately one year older, were slightly larger, had 
lower serum bilirubin levels, and had a significantly longer 
wait prior to their transplants. Intraoperative blood loss 
in patients with prior portoenterostomies was similar to 
the loss in patients without the procedure (5.6 vs 4.1 blood 
volumes). Six of 28 patients who had portoenterostomies 
developed biliary complications, while only one (12%) of 
eight who had no previous biliary operation developed 
complications (Table 3). 
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| | Table 1.—Patient Profiles 





Died before transplantation. 
Received transplant 


*P-.05. 


Portoenterostomy n 


€ Age, mo 
Previous 28 32 
None 8 20 





*P<.05. 


ence of Hepatic Portoenterostomy 
ry 


Table 3.—Influ 
.. Blood Loss Bilia 
Portoenterostomy n (Range), vol 
Previous 28 5.6 (0.44-33) 
None 8 4.1 (1.2-13) 


Complications (%) 


6/28 (21) 
1/8 (12) 









Two patients underwent revision of the hepatic portoen- 
terostomy (four revisions in one patient and one revision 
in one). Both patients had greater than average blood loss 
(33 and 10.4 blood volumes), and both required another 
exploratory operation for hemorrhage. The patient who 
had four revisions died of disseminated Candida albicans 
infection. The other patient did not develop infectious 
complications and is alive (Table 4). 

Retransplantation was performed in six patients, with 
one patient undergoing two retransplantations. Five of the 
retransplantations for hepatic arterial thrombosis and two 
were performed for primary graft nonfunction. The overall 
incidence of retransplantation was 1996, which was not 
affected by the presence of a portoenterostomy (Table 4). 
This rate of retransplantation is consistent with our overall 
pediatric liver transplant experience.” 

Eleven of 36 patients needed exploratory surgery for 
postoperative complieations. The indications were biliary- 
enteric anastomotic complications in five patients (four 
with portoenterostomy, one without), perforated viscus in 
four patients (three with portoenterostomies, one without), 
hemorrhage in three patients (all with portoenterosto- 
mies), and intra-abdominal abscess in one patient without 
a portoenterostomy (Table 4). 

The patients were closely monitored for infections. All 
patients received standard antimicrobial agents (cefo- 
taxime sodium and ampicillin sodium) and local antifungal 
medications (nystatin [Mycostatin] and clotrimazole). A 
total of 12 patients had an infectious complication requiring 
either prolongation or addition of antimicrobial or antifun- 
gal agents. The overall incidence of sepsis was 33% (12/36) 
and was not significantly different within the two groups. 
This rate is lower than the 5196 infection rate reported for 
the first 100 patients undergoing transplantations at our 
center. No patient without a portoenterostomy who had 
an infectious complication survived, compared with a 7096 
survival rate for patients with a portoenterostomy. 

The six-month survival rate was 78% (28/36). In patients 
with a previous portoenterostomy, the rate was 8296 
(23/28), and for those without, the rate was 6396 (5/8). 
Overall, the three-year actuarial survival rate was 75% 


(Figure). 
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Table 2.—Transplanted Patient Profile 






Interval 
to 
Bilirubin, Death/Trans- 
p. mol/L plantation, wk Portoenterostomy (%) 









7/9 (78) 
28/36 (78) 






Weight, Bilirubin, Interval* 
kg pmol/L to Transplantation, wk 
12.5 222 21 
9.2 340 16.7 





COMMENT 


Biliary atresia is defined as the absence of extrahepatic 
bile ducts. The bile ducts are usually replaced by fibrous 
tissue or are completely absent. The prognosis for patients 
with biliary atresia in whom a portoenterostomy is per- 
formed is variable but is directly related to several factors. 
The age of the patient at the time of portoenterostomy is 
an important determinant, since bile flow will be estab- 
lished in 90% of patients when the operation is performed 
at 8 weeks of age or less.: Other predictors of bile flow are 
less easily quantified, including biliary ductule size of 
greater than 150 jum and the experience of the surgeon. 

Although the above factors may predict the establish- 
ment of bile flow, the rate of progression of the liver disease 
is the long-term determinant of a successful portoenteros- 
tomy. Most patients develop an intrahepatie component of 
the disease that ultimately will cause a nonmechanical 
failure of the portoenterostomy.? Despite the restoration 
of bile flow in 40% to 70% of cases, progressive destruction 
of the biliary epithelium is probably responsible for the 
poor five-year survival of 18% to 27% of the patients.* The 
mechanism of the destruction of the biliary epithelium is 
still unknown. Numerous inciting factors have been impli- 
cated, including infectious agents, immunologically medi- 
ated injury, and as yet unidentified metabolic derange- 
ments. What appears to be certain is that failure of the 
portoenterostomy and eventual development of cirrhosis 
is due to an intrahepatic cause and not solely to an 
extrahepatic obstruction of bile flow. ° 

The role and efficacy of portoenterostomy in the treat- 
ment of biliary atresia has been an area of controversy 
among surgeons. Altman" champions a view that the 
continued use of portoenterostomy is essential because of 
the potential for cure and for continued growth and devel- 
opment of children prior to transplantation. Conversely, 
Iwatsuki and coworkers” reported that the decreased 
survival of patients undergoing transplantation for biliary 
atresia as compared with those undergoing transplantation 
for inborn errors of metabolism is in part due to the 
penalties paid during transplantation for the previous hilar 
dissection during portoenterostomy. These include greater 
blood loss, potential bowel contamination when dismantling 
the portoenterostomy, and thrombosis of an already hypo- 
plastie portal vein, which is often encountered in these 
children. These pitfalls are real. However, there are more 
compelling reasons for the better survival after transplan- 
tation in children with metabolic disorders. Obvious ones 
include older age, larger size, and less overt evidence of 
portal hypertension and hepatocellular synthetie dysfunc- 
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Previous 
Complication Portoenterostomy 
Infections 10/28 
No. (%) of patients (36) 
Bacterial 
Wound 2 
Intra-abdominal 3 
Pneumonia 1 


Viral 











Cytomegalovirus 2 
Herpes simplex virus 0 
Fungal 5 
Repeated operations 
Retransplantation 
Hepatic artery 
thrombosis 4* 
Primary graft 
nonfunction 2 
Biliary complications 4 
Perforated viscus 4t 


Abscess 0 
Hemorrhage 


*Same patient. 
TOne patient had two perforations. 


90 
85 
80 


75 


% Survival 


70 


65 


60 


3mo 6mo 1y Time 2y 3y 


Three-year actuarial survival for all patients with biliary atresia 
undergoing liver transplantation (computed by Kaplan-Meier 
method). 


tion. Thus, a more useful comparison would encompass all 
children with biliary atresia, focusing on those with and 
those without portoenterostomy. After such an analysis, 
our data support the continued use of early portoenteros- 
tomy for biliary atresia. This is based on the observations 
that blood loss, technical complications, and survival rates 
are similar in children with and without previous portoen- 
terostomy. It is unquestionable that a functioning portoen- 
terostomy buys time that permits growth of the child. Such 
growth increases the technical facility of the transplant 
procedure and allows the child to compete for a more 
available donor pool. 

While emphasizing these important advantages of por- 
toenterostomy, we are less enthusiastic about portoenter- 
ostomy revisions. Pettitt et al? reported that of nine 
patients undergoing exploratory surgery for portoenteros- 
tomy revisions, only one had restoration of bile flow. 
Altman’s™ results were similar, with two of seven patients 
demonstrating bile flow after a second portoenterostomy. 
Our experience supports the contention that portoenteros- 
tomy revisions usually have a low success rate and signifi- 
cantly increase the technical hazards of liver transplanta- 
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Table 4.—Complications 









Survival Without 
(%) Portoenterostomy (%) 
2/8 
7 (70) (25) 0 (0) 
2 (100) 0 vdd 
2 (66) 2 0 (0) 
0 (0) 0 







2 (100) 0 ad 
1 0 (0) 

4/5 (90) 0 

2 (66) 1 0 (0) 

1 (50) 0 TT 

3 (75) 1* 0 (0) 

2 (66) 1* 0 (0) 







tion. Thus, we do not recommend reoperation unless a 
mechanical obstruction of the portoenterostomy can be 
clearly proved preoperatively. 

Combined therapy of early portoenterostomy and liver 
transplantation has greatly improved the prognosis for 
patients with biliary atresia. Patients should undergo 
portoenterostomy by 8 weeks of age to allow a chance for 
cure and for additional growth and development. Revision 
of portoenterostomy should only be performed in selected 
cases of mechanical obstruction. At the first sign of failure 
of the portoenterostomy, the patient should be referred to 
a liver transplant center. Liver transplantation is preferred 
for most patients whose portoenterostomy has failed rather 
than revisions of the initial procedure. 
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Artifactual CEA Elevation due to 
Human Anti-Mouse Antibodies 


Blaine A. Morton, MD; Margaret O'Connor-Tressel; Barbara G. Beatty, PhD; John E. Shively, PhD; J. David Beatty, MD 


e Retrospective analysis of 108 patients who received in- 
dium 111-labeled murine monoclonal antibodies for imaging 
of cancer was performed. Most patients had operative proce- 
dures for colorectal carcinoma following completion of scinti- 
scanning. Eleven patients had markedly elevated carcinoem- 
bryonic antigen (CEA) levels postoperatively without evidence 
of residual or recurrent disease. The laboratory method of 
measuring CEA levels was a commercially available double 
mouse monoclonal antibody enzyme immunoassay. It was 
postulated that the unexplained elevation of CEA was a 
reflection of the presence of human anti-mouse antibody 
(HAMA) induced by the administration of radiolabeled mouse 
antibody. A competitive assay for HAMA was undertaken by 
incubation of these patients' sera with a high dose of nonspe- 
cific mouse immunoglobulin prior to CEA determinations, and 
subsequent CEA levels were normal. The presence of HAMA 
was confirmed by a noncompetitive solid-phase enzyme im- 
munoassay in 73% of tested patients who received murine 
monoclonal antibodies for imaging. Identification of artifac- 
tual CEA elevations is important in the treatment of cancer 
patients. 

(Arch Surg 1988;123:1242-1246) 


arcinoembryonic antigen (CEA) levels are useful for 
monitoring patients after curative resection for colo- 
rectal carcinoma.'? Elevated CEA concentrations gener- 
ally return to normal within six weeks after a curative 
resection.‘ During a study of preoperative imaging of 
colorectal carcinomas with indium 111-labeled anti-CEA 
monoclonal antibodies (Indacea), we discovered that three 
patients had markedly elevated CEA levels shortly after 
surgery, without evidence of residual or recurrent disease. 
Since Indacea is a mouse monoclonal antibody (mMAB) 
against human colon carcinoma and the laboratory method 
of measuring CEA is a double monoclonal antibody enzyme 
immunoassay (EIA), it was postulated that the falsely 
elevated CEA concentrations may reflect the presence of 
human anti-mouse antibody (HAMA). 

We have now done a retrospective analysis of 108 patients 
who received Indacea or other labeled murine antibodies. 
Eleven patients had markedly elevated CEA concentra- 
tions postoperatively without evidence of recurrence of 
disease. It was postulated that if the artifactual CEA levels 
were a reflection of HAMA, the CEA levels would revert 
to normal after the patient’s serum was incubated with a 
high dose of mouse immunoglobulin (MIgG). In addition, 
patients with artifactual CEA elevations should have ele- 
vated serum concentrations of HAMA as measured by 
another method. 


PATIENTS AND METHODS 
Patients 


One hundred eight patients entered the imaging protocols using 
indium 111-labeled mMAB. The protocols were approved by the 
institutional review board, and all patients gave informed consent. 
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One hundred fourteen indium 111-labeled mMAB injections were 
performed on these patients. In addition, two patients with 
unexplained elevations of CEA who did not participate in the 
imaging protocols are included in the analysis (total, 110 patients). 

Five patients had breast cancer, one patient had malignant 
melanoma, one patient had malignant ascites with an unknown 
primary site, and 103 patients had colorectal carcinoma. For the 
colorectal carcinoma patients, pathologic staging at initial pres- 
entation was based on the Dukes’ classification as follows: five 
were stage A, 32 were stage B, 33 were stage C, and 33 were 
stage D. Imaging was performed at the initial presentation of 
disease in 65 of these patients and at the time of disease recurrence 
in 38 of these patients. Twenty-six of these recurrences were in 
the liver, four were local, and eight were metachronous primary 
disease. 


Injections 


Indacea (indium 111-labeled anti-CEA mMAB) was prepared 
and administered as previously described.5* Seventy patients 
received a low dose (200 pg) of mMAB. Thirty-two patients 
received a high dose (20 to 40 mg) of mMAB labeled with indium 
111 (Hybritech Inc, La Jolla, Calif). Three patients received two 
separate low-dose injections of anti-CEA mMAB, and three 
patients received a low dose and then a high dose of anti-CEA 
mMAB. 

As the imaging studies progressed, one to three postinjection 
serum specimens were frozen and were available for subsequent 
retesting for CEA or antibody content. Sera from 49 patients 
were available for analysis. 


CEA Assays 


In the initial phase of the study, plasma CEA levels were 
determined by radioimmunoassay (Roche Ine, Nutley, NJ). After 
July 1985, all plasma CEA levels were determined by EIA (Roche 
Inc). Routine plasma CEA level determinations were performed 
by the Clinical Pathology Department of the City of Hope National 
Medical Center, Duarte, Calif. 

In selected patients with normal or elevated plasma CEA 
concentrations, EIA was repeated in our laboratory before and 
after preincubation of the plasma or serum with MIgG (100 pg 
of MIgG for one hour). 


HAMAs 


Human anti-mouse antibody levels were measured by a noncom- 
petitive assay. Briefly, serial dilutions of selected patients' sera 
were ineubated in MIgG-coated polyvinyl microtiter plates. Alka- 
line phosphatase-conjugated goat anti-human IgG followed by 
p-nitrophenyl phosphate as the chromogen was used to detect the 
presence of HAMA. The indicator was read at 405 nm using a 
Micro Elisa Reader MR 580 (Dynatech, Alexandria, Va). The 
serum content of HAMA was quantified as described previously.’ 


RESULTS 


A total of 11 patients were found to have an elevated 
plasma CEA level without evidence of recurrence of disease 
(Table 1). One patient (patient 20) received a low dose of 
antibody, six patients received a high dose, and two 
patients (patients 28 and 98) received a low dose and then 
a high dose of antibody. In addition, two patients (patients 
77 and 114) did not receive any murine antibodies. 

One patient of 70 who received a low dose of mMAB had 
an elevation of plasma CEA without evidence of recurrence 
of disease. Patient 20 had a plasma CEA level that slowly 
rose to 11 pg/L 15 months after injection and curative 
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Table 1.—Elevated Plasma CEA Values in Patients Without 
Evidence of Recurrent Disease* 


Mouse 
Monoclonal 
Antibody 
Dose, mg 


Time After CEA 
Injection, d Level, pg/L 


Patient No./ 
Age, y/Sex 


20/62/M 0.2 485 11 
89/74/F 20 163 239 


28/73/F 0.2 93 65 
13 

98/82/M 0.2 130 22 

20 32 5490 


114/68/F aem Ea 24 


*CEA indicates carcinoembryonic antigen. 


Table 2.— Suppression of Artifactual Plasma CEA Values by MigG* 
Plasma CEA Level, g/L 


—ÓÓ9—————O 
Patient No. No MIgG MigG 


*CEA indicates carcinoembryonic antigen; MigG, murine immunoglobulin. 


resection of rectal carcinoma. The plasma CEA level 
returned to normal 21 months after injection, and the 
patient remained free of disease. 

Six of 32 patients who received a high dose of antibody 
had elevations of plasma CEA without evidence of recur- 
rence of disease. For this group, preoperative CEA values 
were 3.6+0.5 ug/L, and postoperative CEA values rose to 
165+35 pg/L. This elevation was usually documented 
within four months. 

Six patients received two separate injections of mMAB. 
Three patients died before adequate follow-up could be 
obtained. Two of the three remaining patients had mark- 
edly elevated CEA concentrations. Patient 28 had carci- 
noma of the transverse colon resected in 1981. In 1985 the 
patient received a low dose of mMAB and underwent 
curative resection of a metachronous lesion in the right 
colon. One year later the patient’s plasma CEA level rose 
to 48 pg/L. At this time the patient received a second 
injection of mMAB (20 mg) and underwent a second-look 
laparotomy, with negative results. The plasma CEA level 
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CEA, pg/L 


0.2 mg of Indacea 


20 mg of Indacea 





— 200 0 200 400 600 800 


Day 
Fig 1.—Artifactual elevation of carcinoembryonic antigen (CEA) in 
patient 28 following injection of 0.2 mg of Indacea on day 0 and 
20 mg of Indacea on day 454. Squares indicate days on which 
CEA levels were measured. 


Table 3.—Effect of Preincubation With MIgG on Plasma CEA 
Levels in Patients With Recurrent Disease* 










Plasma CEA Level, pg/L 


ee. 


No MigG 


*CEA indicates carcinoembryonic antigen; MigG, murine immunoglobulin. 


of patient 28 rose to 13 748 pg/L 13 days after the antibody 
was given a second time (Fig 1). The plasma CEA concen- 
tration remained elevated (437 pg/L) 14 months after 
injection, without evidence of recurrence of disease. Pa- 
tient 98 had a normal CEA level after a right-sided 
hemicolectomy for carcinoma of the ascending colon in 
1984. In 1986, patient 98 received a low dose of mMAB 
just before undergoing a left-sided colectomy for metach- 
ronous disease of the sigmoid colon. One year later, the 
plasma CEA level rose to 32 pg/L. The patient then 
received a second injection of mMAB (20 mg), and the 
CEA level rose to 5490 pg/L 32 days after the injection. 
The plasma CEA concentration remained elevated 
(355 pg/L) nine months after the injection, without evi- 
dence of recurrence of disease. The other patient who 
received two separate injections of mMAB had metastatic 
disease to the liver. 

Two patients who did not receive mMAB injections but 
had unexplained elevations of CEA were also studied. 
Patient 77 had Dukes' C adenocarcinoma of the sigmoid 


Artifactual CEA Elevation—Morton etal 1243 


Table 4.—HAMA Levels in Patients With Artifactual Table 5.—HAMA Levels in Patients With Recurrent Disease* 


Elevations of Plasma CEA* 


Mouse 
Monoclonal 
Antibody CEA Level, HAMA Level, Time After 


Patient No. Dose, mg pg/L Injection, d 


Mouse 
Monoclonal 
Antibody CEA Level, HAMA Level, Time After 


Patient No. Dose, mg 


pg/L Injection, d 





*HAMA indicates human anti-mouse antibody; CEA, carcinoembryonic 
antigen. 





*HAMA indicates human anti-mouse antibody; CEA, carcinoembryonic 


Fig 2.—Normal enzyme immunoassay. 
CEA indicates carcinoembryonic antigen; 
aCEA, anti-CEA antibody. 


Enzyme — Colored Products 
(Clear) Substrate 





Fig 3.—Artifactual enzyme immunoassay. 
CEA indicates carcinoembryonic antigen; 
HAMA, human anti-mouse antibody; and 
a CEA, anti-CEA antibody. 
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Fig 4.—Preincubation of enzyme immunoassay. CEA indicates carcinoembryonic antigen; 
HAMA, human anti-mouse antibody; and MigG, mouse immunoglobulin. 


Fig 5.—Procedures for postoperative elevation of carcinoembryonic antigen (CEA). MigG indicates 
mouse immunoglobulin; HAMA, human anti-mouse antibody. 
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colon. One year after surgery the plasma CEA level rose 
to 76 pg/L. Results of colonoscopy, abdominal computed 
tomographic scan, chest film, and routine laboratory stud- 
ies were all negative. Patient 114 had Dukes’ B adenocar- 
cinoma of the rectum in 1981 and was treated with an 
abdominoperineal resection. Five years later the plasma 
CEA level rose to 24 ug/L without evidence of recurrence 
of disease. 

When the sera of the 11 patients with elevated CEA 
concentrations and no evidence of recurrence of disease 
were incubated with MIgG prior to EIA, the CEA levels 
returned to normal (Table 2). However, in patients with 
elevated CEA concentrations and recurrence of disease, 
the serum CEA values were not affected by preincubation 
with MIgG (Table 3). 

The sera of 24 patients were assayed for the presence of 
HAMA by a noncompetitive EIA. Serial serum specimens 
were available for analysis in 17 of these patients. Seven 
patients had elevated CEA concentrations without evi- 
dence of recurrence of disease. Six of these seven patients 
had detectable HAMA levels (34.8+5.3 ug/L) (Table 4). 
One patient who received a low dose of mMAB and had 
elevated plasma CEA concentrations without detectable 
recurrent disease did not have measurable HAMA levels. 
In addition, the two patients who did not receive any 
mMAB and had elevated CEA concentrations without 
recurrent disease did not have detectable HAMA levels. 
Another seven patients had elevated plasma CEA concen- 
trations and recurrent disease. Five of these seven patients 
demonstrated detectable HAMA levels (46+11.7 ug/L) 
(Table 5). 


COMMENT 


Carcinoembryonic antigen levels have been used suc- 
cessfully to detect the recurrence of colorectal carcinoma. 
With the recent use of indium 111-labeled monoclonal 
antibody scans for colorectal cancer, we have discovered 
patients with falsely elevated CEA concentrations. The 
basis for these false elevations is twofold: (1) the assay 
(EIA) is based on a double mMAB system and (2) anti- 
mouse antibodies are formed after the injection of mMAB. 
In the normal EIA reaction, one mMAB attached to the 
bead binds to one site of the CEA molecule, and the second 
11MAB complexed to the enzyme binds to another site of 
the CEA molecule (Fig 2). In the artifactual assay, we 
hypothesize that the HAMA binds to both of the mMABs 
(bead attached and enzyme associated) to produce the 
same reaction caused by CEA in the normal EIA (Fig 3). 

Nine patients had artifactual elevations of plasma CEA 
concentrations after receiving mMAB. Six patients re- 
ceived a high dose of antibody, one patient received a low 
dose, and two patients received two separate injections. 
In the one patient who received a single low dose of mMAB, 
there was a slow rise (15 months) in the plasma CEA level 
followed by a gradual return to normal. This is similar to 
a weak immunologic response. The two patients who had 
received two separate injections of mMAB had a very rapid 
rise in CEA levels following the second injection, akin to a 
classic secondary immunologic response. 

The basis for the artifactual elevation of the CEA 
concentrations in the two patients who did not receive 
mMAB is not entirely clear. The mechanism is probably 
not similar to that in the patients who received mMAB, 
since neither patient had detectable HAMA levels. It is 
possible that these patients had previous unknown expo- 
sure to murine proteins and had a HAMA level below the 
noncompetitive EIA threshold, or there may be conditions 
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in their sera that interfere with the normal EIA for CEA 
and, in the absence of excess MIgG (or other protein), 
produce the artifactual assay. 

In all 11 patients with artifactual elevation of plasma 
CEA, levels returned to normal after preincubation with 
MIgG. This implies that there is reversible competitive 
binding between the mMAB of the EIA and HAMA. This 
binding can be reversed by flooding the system with excess 
MIgG (Fig 4). The degree of artifactual CEA elevation did 
not always coincide with the amount of HAMA measured 
by the direct EIA (Table 4). For quantification of the 
competitive assay, we suspect that the MIgG should be 
titrated and HAMA affinity assessed. 

In patients with elevated CEA concentrations and re- 
current disease, we did not document substantial artifac- 
tual CEA elevation after incubation with MIgG. Although 
HAMA was detectable in the patients’ sera (Table 5), the 
HAMA level was probably much less than the CEA level 
or the antibody affinity much lower, and HAMA did not 
induce substantial artifact. 

The major clinical issue raised by the HAMA and 
artifactual CEA elevations occurs in patients with unex- 
plained elevations of CEA after a curative resection for 
colorectal carcinoma. Our approach is first to ascertain 
whether the patient has had exposure to mMAB. The CEA 
enzyme immunoassay should be repeated after preincuba- 
tion with MIgG (Fig 5). If the CEA levels revert to normal, 
the patient should be observed. If the CEA concentration 
remains elevated after preincubation with MIgG, the pa- 
tient should have a noncompetitive HAMA assay. If the 
HAMA assay is negative and the patient has not had known 
exposure to mMAB, the patient should undergo an explor- 
atory laparotomy. In retrospect, knowledge of the noncom- 
petitive HAMA assay and suppression of CEA levels after 
preincubation with excess MIgG would have prevented an 
unnecessary second-look laparotomy in patient 28. Also, 
the future development of chimeric or human monoclonal 
antibody for imaging of cancer should limit this problem. 

The CEA kits are currently being revised by Roche Inc. 
Prototype kits tested in our laboratory show a decreased 
incidence of artifactual CEA elevation due to HAMA, but 
the problem has not been completely eliminated. 


This study was supported in part by training grant CA 09477-03, cancer 
center core grant CA 33572-08, and R01 grant CA 42329-02 from the 
National Institutes of Health, Bethesda, Md. 

The carcinoembryonic antigen kits were a gift from Roche Inc, Nutley, 
NJ. The indium-labeled ZCE025 was a gift from Hybritech Ine, San Diego. 
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Indications and Usage: /reatment—Serious infections caused by susceptible strains 
of the designated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
caused by Streptococcus pneumoniae, other streptococci (excluding enterococci, e.g., 
Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase producing), 
Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (which include the organisms now 
called Morganella morganii and Proteus vulgaris), and Providencia species (including 
Providencia rettgeri). Uncomplicated gonorrhea due to Neisseria gonorrhoeae 
(penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
caused by F. coli, Klebsiella species, Bacteroides species including the B. fragilis 
group,* and Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic 
inflammatory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non- 
penicillinase producing), Bacteroides species including the B. fragilis group, * 
Clostridium species, Peptococcus species, Peptostreptococcus species, and group B 
streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non- 
penicillinase producing), E. coli, Klebsiella species, and Bacteroides species including 
the B. fragilis group. * 
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Hepatic Trauma 


Steven C. Stain, MD; Albert E. Yellin, MD; Arthur J. Donovan, MD 


. € Two hundred thirty-three patients were operated on for 
hepatic trauma during a two-year period. There were 101 
patients with stab wounds, 90 with gunshot wounds, and 42 
with blunt trauma. There were 56 isolated liver injuries. Three 
hundred seventy-five associated injuries occurred among the 
remaining 177 patients. The majority of patients required only 
drainage. "Liver sutures” were employed in 66 patients. Only 
18 patients required débridement, resection, or packing. 
Twenty-eight patients (12%) died. Perioperatively, 13 patients 
died of hemorrhage from the hepatic wound and from the 
associated major vascular injuries that were present in eight 
of the 13 cases. The remaining deaths were not primarily a 
consequence of the hepatic wound. Control of hemorrhage 
remains the dominant consideration in the treatment of major 
hepatic wounds. 
(Arch Surg 1988;123:1251-1255) 


n the treatment of hepatic trauma, the principles of 
hemostasis, débridement of devitalized tissue, and 
adequate drainage were established during World War II. 
The packing of hepatic wounds was condemned at that 
time.' The optimum methods for implementing these prin- 
ciples are a subject of continuing debate.** Recent recom- 
mendations for hemostasis have included hepatotomy with 
direct ligation of individual vessels, as suggested by Pach- 
ter et al,‘ and hepatic artery ligation, as recommended by 
Mays.» Stone and Lamb* have suggested using living 
omentum as a packing material. There has been a resur- 
gence of enthusiasm for packing of liver injuries with gauze 
followed by planned reexploration in 48 to 72 hours.*? While 
interest in aggressive anatomic resection has waned, the 
resection of devitalized tissue remains a goal. Vascular 
isolation of the liver, although essential in some cases, has 
not solved the problem of hepatic venous injury.* 

The present study was undertaken to establish the 
current status of treatment of hepatic injuries at the Los 
Angeles County-University of Southern California Medical 
Center. Particular attention was directed to modes of 
therapy, morbidity, and mortality. 


PATIENTS AND METHODS 
Clinical Data 


Two hundred thirty-three cases of hepatic injury were detected 
during exploratory celiotomy in the two-year period from July 
1985 through June 1987. Penetrating injuries predominated, with 
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101 stab wounds (4396) and 90 gunshot wounds (39%). Injury was 
due to blunt trauma in 42 patients (18%). There were 211 male 
and 22 female patients. 

The right hepatic lobe was the orily site of injury in 5996 of the 
cases. Both right and left lobes were injured in 7% of cases. 
Twenty-six of 42 cases of blunt trauma involved the right lobe. 
The anatomic distribution of the injuries is listed in the following 
tabulation. 


Anatomic No. (96) 
Distribution of Patients 
R lobe ! 136 (59) 
Medial L lobe 33 (14) 
Lateral L lobe 47 (20) 
R and L lobes 17 (7) 


A total of 375 associated injuries occurred among 177 of the 233 
patients. These included 29 major vascular injuries, as shown 


below. 
No. of 
Associated Injuries Patients 

Chest 64 
Gastrointestinal tract (stomach [n = 41], 

duodenum [n= 10], small bowel [n = 16], 

colon [n 2 21]) 
Diaphragm 63 
Major vascular (portal vein [n — 2], 

hepatic vein [n — 8], hepatic artery 


[n 23], aorta [n= 4], vena cava [n = 12]) 29 
Renal 23 
Spleen 20 
Pancreas 15 
Central nervous system 12 
Other 61 
Total 375 


The hepatic injury was minor and either did not require specific 
treatment or was treated by insertion of a percutaneous drain to 
the site of injury in 148 (64%) of the 233 patients. “Liver sutures” 
were placed in 66 patients (28%), reflecting continued reliance on 
this surgical procedure at our institution. The eight major resec- 
tions performed included four anatomic right hepatic lobectomies, 
three nonanatomic resections of the right lobe, arid one left lateral 
segmentectomy. The hepatic wound was packed in five patients 
who were in a hemodynamically unstable condition. One patient 
could not be resuscitated from a cardiac arrest that occurred on 
anesthetic induction and did not receive further treatment. Ex- 
ternal drainage was established in all but 17 patients who did not 
require specific treatment. 

Ligation of the proper hepatic artery was performed during the 
initial operation in five patients. The hepatic artery was irrepa- 
rably injured in three of these five patients and there was 
uncontrolled arterial bleeding from the liver in the remaining two 
patients. One of three survivors required drainage of a perihepatic 
abscess. 

The hepatic injury was minor in one half of the 42 patients with 
blunt trauma and then required only drainage. Hepatic sutures 
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Fig 1.—Technique of vascular isolation of liver by use of multiple 
occlusive clamps, as described by Heaney et al® (from Yellin 
et al'?). 


were used in 14 patients, resection was employed in two patients, 
and packing was done in two patients with blunt trauma. 

Hepatic vein or juxtahepatic venous injuries occurred in eight 
patients. The technique of vascular isolation by occlusion of the 
porta hepatis (Pringle maneuver), vena cava below the liver, vena 
cava within the pericardium, and aorta at the diaphragm was 
employed in four cases.* This technique is depicted in Fig 1. Two 
of the four patients survived, one of whom underwent an anatomic 
right hepatic lobectomy. In the remaining four cases the injury 
was amenable to primary repair without vascular isolation; two 
patients survived and two died. Methods of treatment are sum- 
marized in the tabulation that follows. 


No. of 
Hepatic Trauma Treatment Patients 
Dominant therapy 
No treatment necessary 17 
Drainage only 131 
Suture and drainage 66 
Débridement 5 
Major resection 8 
Packing of liver 5 
Arrest at incision 1 
Total 233 
Adjunctive therapy 
Hepatic artery ligation 5 
Vascular isolation 4 


Postoperative Complications 


A total of 98 major complications occurred among 80 of the 233 
patients. There were 15 instances of intra-abdominal abscess. 
Eight of the 15 patients had associated enteric injury. Six of the 
15 patients had been treated with drainage only, eight were 
treated with suture and drainage, and one underwent anatomic 
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right hepatie lobectomy. There was an associated hepatic seques- 
trum in four cases. Three of the four patients with sequestra had 
undergone suture of the hepatic wound and the fourth patient had 
undergone a right hepatie lobectomy. Two of the four patients had 
enteric injuries and one patient had undergone hepatic artery 
ligation. All four patients survived after drainage of the abscess 
and removal of the hepatic sequestrum. 

The incidence of intra-abdominal abscess among 66 patients 
treated by “liver sutures” was 12% (eight patients). Three of those 
eight patients had a sequestrum of hepatic tissue. None of these 
complications were lethal. 

There were four instances of postoperative biliary fistula. The 
fistula was documented by technetium Te 99m-iminodiacetic acid 
scan in three of the four patients. One of these patients also 
developed an abscess in the lesser peritoneal bursa that required 
surgical drainage. All four biliary fistulas closed spontaneously. 

Bleeding due to coagulopathy occurred in 11 patients during 
the immediate postoperative period. Each patient had received 
more than 20 U of blood and each was treated with the infusion of 
platelets and fresh-frozen plasma. The only long-term survivor 
among these 11 patients had an associated injury of the common 
iliac artery and vein, and received a total of 116 U of blood. He 
was found to have diffuse nonsurgical bleeding at reexploration 
during the first 24 postoperative hours. An additional three 
patients with coagulopathy were reoperated on. Respectively, they 
were found to have diffuse coagulopathy, a retroperitoneal hema- 
toma, and continued hepatic hemorrhage and diffuse coagulopathy. 
Early postoperative bleeding in two other cases without eoagulop- 
athy was documented by angiography to be from a branch of the 
right hepatic artery and was successfully treated by pereutaneous 
transcatheter arterial embolization. 

Facts concerning complications are listed in the following tabu- 
lation. The 24 complications listed as “other” were highly variable 
and only one occurred in a patient who died. This patient (patient 
4) is discussed in the “Mortality” section. 


Postoperative No. of 

Complications Patients 
Intra-abdominal abscess 15 
Wound infection 9 
Hepatic sequestrum 4 
Biliary fistula 4 
Enterocutaneous fistula 5 
Pancreatic fistula 3 
Renal failure 3 
Pulmonary 20 
Coagulopathy 11 
Other 24 
Total 98 


Mortality 


Twenty-eight of the 233 patients died, for a mortality of 1296. 
Mortality by injury was as follows: stab wounds, 596; gunshot 
wounds, 11%; and blunt trauma, 25%. Ten of the 28 patients who 
died did not leave the operating room. Another 11 died within 24 
hours of operation and seven died thereafter Among the ten 
patients who died perioperatively, three patients experienced 
cardiac arrest in the emergency department and underwent 
thoracotomy there, and another patient experienced arrest on 
anesthetic induction and did not receive definitive treatment. This 
last patient had massive central nervous system injury The 
remaining six perioperative deaths were due to exsanguinating 
hemorrhage. Three of the six patients had major extrahepatic 
vascular injuries and one had a massive pelvic fracture. Massive 
hepatic injury was the only source of hemorrhage in the remaining 
two patients; one wound was packed and hepatic resection was 
performed in the other. Intraoperative hypothermia was a sub- 
stantial problem in these patients, who received multiple units of 
banked blood. Whole blood was used when available, but packed 
red blood cells and component therapy were the forms most often 
provided. Measures used in an attempt to prevent hypothermia 
included warm inspired air, peritoneal lavage with warm saline 
solution, and devices for rapid rewarming of blood. These measures 
are ineffective when the magnitude of transfusion reaches mul- 
tiples of the estimated blood volume. 
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Seven patients died of continued hemorrhage during the first 
24 postoperative hours, including the other four of the five patients 
in whom the hepatic wound was packed. Only one of these four 
patients underwent reoperation, at which time he was found to 
have ischemic necrosis of his entire small bowel, presumably 
because of low blood flow. The remaining four patients who died 
within the first postoperative 24 hours had massive central nervous 
system injury. 

Among seven patients who died after 24 hours, three had 
sustained major central nervous system injuries and died as a 
result of those injuries on the 2nd, 10th, and 18th postoperative 
day, respectively. The remaining four patients did not die as a 
direct consequence of their hepatic injuries, but rather because of 
associated injuries. Following are descriptions of these cases. 

Patient 1 sustained blunt trauma to the right side of the chest 
and abdomen with a stellate fracture of the right hepatic lobe and 
associated fractures of the first lumbar vertebrae, as well as 
injury to the right hepatic vein, adrenal gland, and right lung. 
The injury to the right lung required a right lower pulmonary 
lobectomy. The liver injury was treated with suture and drainage. 
The patient developed postoperative respiratory failure and died 
on the 16th postoperative day. 

Patient 2 had blunt trauma to the right side of the chest and 
abdomen. At celiotomy, the patient had a subeapsular hematoma 
of the liver that was treated by drainage. Perforation of the small 
bowel was repaired and the perforation of the colon was exterior- 
ized. A tear of the right main-stem bronchus was repaired. The 
patient extubated herself on the sixth postoperative day and died 
of a fatal cardiopulmonary arrest. 

Patient 3 sustained gunshot injuries to the medial segment of 
the left lobe of the liver, the stomach, the duodenum, the pancreas, 
and the vena cava. The liver injury was drained and the other 
injuries were repaired. The postoperative course was marked by 
an enterocutaneous fistula, intraperitoneal abscess, and progres- 
sive renal and pulmonary failure. The patient died of sepsis on the 
36th postoperative day. 

Patient 4 sustained a gunshot wound to the lateral segment of 
the left lobe of the liver with associated stomach, small-bowel, 
colon, and aortic injuries. The hepatic injury required only 
drainage. The patient received massive transfusions, developed 
coagulopathy, and was found to have diffuse bleeding at a second 
operation performed within 24 hours of the first procedure. The 
postoperative course included development of an intra-abdominal 
abscess and enterocutaneous fistula. The patient died of multiple- 
system organ failure on the 45th postoperative day. 

Data concerning mortality are summarized in the tabulation 
below. 


No. of 
Cause of Death Patients 
Intraoperative 
Cardiac arrest before operation 
(1 central nervous system injury) 
Exsanguination 
First 24 h after operation 
Hemorrhage-coagulopathy 
Central nervous system injury 
After 24 h 
Central nervous system injury 
Due to associated injury 


Ó 
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If one excludes patients who died of cardiac arrest before 
treatment was initiated (n=4), deaths due to central nervous 
system injury (n=7), and late deaths not dominantly related to 
the liver injury (n=4), there remain 13 patients who died in the 
perioperative period consequent to hemorrhage from the hepatic 
wound and from the associated major vascular injuries that existed 
in eight of the 13 cases. Eight of the 13 patients had coagulopathy. 
The hepatic wound was packed in five cases and four patients 
underwent major hepatic resection. mo 

Twelve of the 28 deaths occurred in patients treated with liver 
sutures. In nine patients death was not due to hepatic injury, but 
was due instead to central nervous system injury (n=3), aortic 
injury (n=2), and pulmonary injury (n 1), cardiac injury (n= 1), 
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femoral artery (n= 1), and vein transection and superior mesen- 
teric artery injury (n = 1), as summarized in the tabulation below. 


No. of 
Cause of Death Patients 

Central nervous system injury 3 
Emergency department thoracotomy 3 
Cardiac arrest at anesthesia induction 1 
Major vascular injury (aorta [n=2], 

R ventricle [n= 1], femoral artery 

and vein [n= 1]) 4 
Pulmonary death after lung resection 1 


In the remaining three patients, cardiac arrest occurred before 
therapy was initiated. The hepatic wound from which hemorrhage 
had occurred was amenable to treatment by liver suture in these 
three cases. Delay between injury and hospitalization had presum- 
ably led to exsanguinating hemorrhage. 

Nine of the 18 patients with injuries treated by débridement, 
hepatic resection, or packing died. Although four of these cases of 
complex hepatic injury had an associated vascular injury, the 
hepatic injury itself was lethal in our judgment. 


COMMENT 


The present report concerns the treatment of injuries to 
the liver encountered during exploratory celiotomy. It does 
not address issues of diagnosis nor of selection of cases for 
nonoperative therapy. The majority of injuries to the liver 
from blunt and penetrating trauma encountered during 
surgery are not of major consequence and can be satisfac- 
torily treated by simple percutaneous drainage of the 
injury site. Bleeding will often have stopped by the time 
of the operation. When the injury is accessible and pene- 
trates a few centimeters into the liver, bleeding usually 
can be readily controlled with hemoclips or simple sutures. 
Control of hemorrhage from injuries of intermediate depth, 
injuries to the central area of the liver, or injuries to the 
hepatic veins or juxtahepatic vena cava remain a challenge 
for the surgeon. The issues of débridement and drainage 
are of lesser importance. 

The findings reported in the present article clearly 
demonstrate that hemorrhage with perioperative death is 
the overwhelming cause of mortality in hepatic trauma. 
Hemorrhage from the liver may lead to death from exsan- 
guination. Hemorrhage from associated injuries often com- 
pounds the problem. Additionally, coagulopathy that de- 
velops after massive transfusion may result in continuing 
blood loss after the sites of bleeding in the liver and 
elsewhere are controlled. Discussion of the relative roles 
of “wash out,” disseminated intravascular coagulation, and 
hypothermia in provoking coagulopathy after massive 
transfusion is conjunctural. All are factors, alone or in 
combination. Hypothermia additionally compromises car- 
diac function and leads to acidosis, effects that interfere 
with resuscitative efforts. 

The importance of hemostasis in major hepatic injury is 
so great that a brief review of the principles to be pursued 
in control of hemorrhage from the liver is worthwhile. 

1. When the abdomen is opened, if there is major 
hemorrhage from the liver and the patient’s condition is 
unstable, the liver should be compressed against the 
posterior parieties to reduce blood loss. Blood and intra- 
venous fluids should be administered rapidly. The aorta 
should be compressed above the coeliac axis. Hemodynamic 
stability should be established before proceeding with 
exploration and treatment of the hepatic wound. 

2. Adequate exposure is essential. If the hepatic wound 
extends posteriorly to the region of the hepatic veins, 
extension of the celiotomy incision into the chest through 
a median sternotomy or right lateral thoracotomy is advis- 


able. 


Hepatic Trauma—Stain et al 1253 


"3 





Fig 2.—Fracture of right lobe of liver is being closed by liver 
sutures. Bolsters of hemostatic material may be placed beneath 
sutures. Sutures are passed into liver substance at some distance 
from edge of wound and tied with degree of tension that will not 
cause necrosis of hepatic substance. 


3. Application of a vascular or soft-bladed clamp to the 
porta hepatis will reduce bleeding from the hepatic artery 
and the portal venous system (Pringle maneuver).? Such 
occlusion can be maintained successfully for periods of at 
least one hour with patient survival. The clamp should be 
released periodically to temporarily perfuse the liver. A 
previous report by Raffucci and Wangensteen” stated that 
the maximum permissive time for occlusion was 20 minutes. 
These conclusions were based on studies in dogs, whose 
portal venous system will not tolerate longer periods of 
occlusion. 

4. Bleeding from within the liver must be controlled by 
one or the other of the techniques that have been described. 


Precision Ligation 


Pachter et alt advocate exploration of the wound with 
direct occlusion of individual vessels. We have found that 
when this requires exploration of a deep wound in the liver, 
substantial hemorrhage may be provoked. Additionally, 
the hepatic wound may have to be enlarged to expose the 
bleeding site. This technique is difficult in relatively 
inaccessible locations. 


Liver Sutures 


For many years, we have relied on the use of liver 
sutures. These consist of a No. 1 chromic suture on a 
semicircular needle 4 em wide with a blunt point. This 
suture is passed through hepatic substance several centi- 
meters away from the injury and deeply into the liver. The 
sutures can be secured over bolsters and are tied tightly 
enough to oppose hepatic tissue, but not so tight as to 
cause strangulation (Fig 2). Liver sutures have been 
condemned with the argument that they can lead to hepatic 
necrosis and invite sepsis and traumatic hemobilia. We are 
convinced that liver sutures can be life-saving in their 
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ability to control hemorrhage, particularly in relatively 
inaccessible areas such as the dome and posterior portions 
of the right lobe of the liver. In these areas, exploration of 
the hepatic wound may provoke serious hemorrhage. 


Hepatic Artery Ligation 


Ligation of the hepatic artery was recommended by 
Mays.* It is ineffective in controlling bleeding from the 
most difficult vascular injuries, ie, injury to the hepatic 
veins and juxtahepatic vena cava. The decrease in arterial 
flow to an already traumatized liver may invite the devel- 
opment of infection." If ligation is performed, it is prefer- 
able to ligate selectively either the right or left hepatic 
artery. We try to avoid hepatic artery ligation. 


Packing 


Packing may be achieved with the omentum, as recom- 
mended by Stone and Lamb,* or by the use of gauze 
packs." Recent reports do not make entirely clear the 
exact nature of the injuries in which the packs have been 
employed as a treatment. Stated otherwise, the effective- 
ness of packing has not been proven in treatment of injuries 
of the major hepatic vein and juxtahepatic venous injuries, 
which are among the most difficult injuries in which to 
achieve hemostasis, along with massive fragmentation and 
devitalization of hepatic substance. 


Vascular Isolation 


Vascular isolation of the liver may be necessary to achieve 
hemostasis in cases of hepatic vein and juxtahepatic venous 
injury. We? have recommended use of the technique de- 
scribed by Heaney and colleagues,? which consists of the 
applieation of a compressive device or clamp to the aorta 
above the celiac axis, a Pringle maneuver, and occlusion of 
the vena cava above and below the liver. We believe that 
this is a simpler technique than the insertion of an endo- 
tracheal tube through the atrium? or a shunt into the vena 
cava from below the liver.^ If a major hepatic vein or 
juxtahepatie vena caval injury is present, protracted and 
futile attempts at repair without vascular isolation should 
be avoided. 

The current review of our experience supports the use 
of liver sutures for control of hemorrhage. An abscess 
developed in eight patients with liver sutures, and in three 
of these eight cases, hepatic sequestra also developed. All 
of these patients recovered. We do not know if alternative 
forms of therapy would have increased or decreased the 
morbidity but consider it a reasonable price to pay for 
rapid achievement of hemostasis in a seriously injured 
patient. 

The use of packing to control hemorrhage was not 
successful in the five instances in which we employed this 
technique. This should not be interpreted as a condemna- 
tion of the technique and may reflect patient selection. We 
do question the need for packing in submaximal injury and 
its efficacy in maximal injury. Its use should be highly 
selective. On occasion a pack can be effectively wedged 
between the posterior aspect of the liver and the posterior 
parietes. Packing has been recommended by Blumgart and 
coworkers” as a temporary expedient in submaximal injury 
if the surgeon is not prepared to treat the wound. 

Overtly devitalized tissue should be débrided but rarely 
will require extensive resection. We continue to advocate 
pereutaneous drainage by a Penrose drain at the site of the 
injury. This will allow for egress of bile should a biliary 
duct be injured. The drain accomplished this purpose in 
four of the cases we have reported. We continue to insert 
a small T-tube in a common bile duct with a diameter 
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greater than 8 mm after lobectomy or if there is a central- 
zone injury that might have severed a secondary or tertiary 
branch of the bile duct. 

The mortality reported in the present article is consis- 
tent with that reported in other recent series.*'^" Our 
selective management of stab wounds," selective use of 
peritoneal lavage, and nonroutine use of computed tomo- 
graphic sean undoubtedly resulted in unsuspected non- 
operative treatment of some cases of minimal injury. 

The most common cause of death among the patients in 
the present series, excluding hemorrhage, was central 
nervous system injury. If the patients survived the initial 
injury in terms of control of hemorrhage and had not 
sustained central nervous system injury, the likelihood of 
dying as a consequence of the hepatic injury itself was 
extraordinarily low. Thus, if mortality is to be reduced, the 
emphasis must be on control of hemorrhage. The mortality 


of 50% for cases of complex hepatic injury treated by 
packing, major resection, or vascular isolation is compa- 
rable with previously reported mortality for vascular 
isolation and anatomic hepatic lobectomy. ° 

Whether more rigid application of the principles of 
hemostasis already discussed would have reduced our 
patients’ mortality is conjectural. Use of recently intro- 
duced methods to prevent intraoperative hypothermia may 
be helpful in the future in enhancing our ability to resus- 
citate the patient after the source of hemorrhage is con- 
trolled. Based on our study of the nature of the hepatic 
wounds in fatal cases and the magnitude of associated 
injuries, we have concluded that almost all of the injuries 
sustained by these patients were inherently lethal. 

Figure 2 is reproduced with permission from Churchill Livingstone Inc, 


New York (Blumgart LH [ed]: Surgery of the Liver and Biliary Tract, 
1988). 
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Severe Soft-Tissue Injury Following Intravenous Infusion of Phenytoin: Patient and Drug 


Robert F. Spengler, ScD; Janet B. Arrowsmith, MD; David J. Kilarski, MS; Clyde Buchanan, MS; Larry 


From April 8, 1982, through June 1984, 11 patients in a single hospital experienced 17 episodes of limb 
edema and discoloration after the intravenous (IV) administration of phenytoin sodium (Dilantin). One 
patient required a below-the-elbow amputation; all other patients recovered. No single drug lot was 
implicated. A case-control study was performed using three controls for each case; controls received IV 
infusions of phenytoin and were hospitalized close in time to the case patients. Compared with controls, 
d elderly and had underlying cardiovascular disease. 
Affected patients also received phenytoin through an IV catheter smaller than 20 gauge (50% vs 6%), ata 
rate greater than 25 mg/min (63% vs 19%), and in two or more IV infusions of phenytoin given “IV push” at 
the same site (81% vs 24%). High-risk patients require careful monitoring and stricter guidelines for the IV 
administration of phenytoin (Arch Intern Med 1988;148:1329-1333). 


From the Epidemiology Program Office, Centers for Disease Control, Atlanta (Drs Spengler and Arrowsmith); the 
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Seeking Research Assistant Profes- 
sor to direct and carry out research 
related to familial cancer syn- 
dromes. Must utilize knowledge of 
methodology and current develop- 
ments in the field of human epide- 
miology and genetics. Minimum ed- 
ucation of an M.D. is required with 
at least 1 year of training in oncol- 
ogy and epidemiology or experience 
in epidemiology and genetics of 
colon cancer or teaching and re- 
search in gastroenterology related 
cancer surgery. Must be Board Cer- 
tified in surgery, with formal training 
in surgical oncology and epidemi- 
ology. This is a full time position 
(40/wk, 9:00-5:00) with a salary of 
$39,000.00/yr plus benefits. Affir- 
mative Action/Equal Opportunity 
Employer. 


Please send resumes to: 
Illinois Department of 
Employment Security 

401 S. State Street 
Chicago, IL 60605 

Attention: L. Van Horbeke 

Reference #: 8353830 


VICE CHAIRMAN OF SURGERY 
BOSTON, MASSACHUSETTS 





e Administrate Growing Surgical Department 

: Serve as Chief of Academic Affairs 

Serve as Chief of General Surgery 

* Faculty Appointment with Prestigious 
Medical School 

e Growing Clinical Practice 


Candidate: We seek a nationally prominent surgeon, 
preferably a surgical oncologist, to become Chief of Surgery 
at a 350-bed Boston hospital and Vice Chairman of the 
Department with the medical school. Candidate will be 
brought in at the Associate Professor range and needs 
commensurate academic credentials. 


Location: 80% of time will be spent in 350-bed hospital, with 
20% of time at medical school complex. Central Boston 
location allows for urban or suburban lifestyle. 


Compensation: Very attractive, with all benefits plus an 
additional incentive package based on surgical productivity. 


Application: All inquiries will be held in the strictest of 
confidence. Please contact Daniel Stern, President: 














Daniel Stern and Associates — 
The Medical Center East, Suite 240 ATA DD 
211 North Whitfield Street aal 
Pittsburgh, Pennsylvania 15206 ae 


Member of 
National Association of 
Physician Recruiters 


800-438-2476 / FAX 412-363-6032 
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Chairman, Department of Surgery - 
Rose Medical Center, Denver, Colorado, a 
300 bed tertiary care hospital affiliated with 
the University of Colorado Health Sciences 
Center is seeking a Chairman for the 
Department of Surgery. The Chairman is 
responsible for departmental administration 
and the education of residents in surgery. 
Qualifications should also include strong 
clinical leadership skills and experience in 
surgical programs development. Salary 
and University faculty appointment will be 
commensurate with the candidates 
qualifications. Please forward inquiries and 
curriculum vitae to the Chairman, Surgical 
Search Committee, c/o Medical Staff 
Office, Rose Medical Center, 4567 East 
Ninth Avenue, Denver, Colorado 80220. 
Rose Medical Center is an Equal 
Opportunity/Affirmative Action employer. 





Bring your outstanding surgical skills to the Southern 
California Permanente Medical Group and experience the 
freedom to focus on patient work. Not paperwork. 

We are an HMO multispecialty group practice — a part- 
nership composed of and managed by SCPMG physicians. 

Opportunities exist for board eligible/certified Surgeons 
with a combined practice of Peripheral Vascular and General 
Surgery. 

Consider the advantages: the finest equipment and latest 
technology; the availability of consultations with other physi- 
cians of distinction; and a broad network of exceptional sup- 
port personnel backed by the resources of one of the nation's 
leading HMO's. 

Our compensation is competitive and benefits are 
outstanding. They include: professional liability, medical and 
dental coverage, vacation and sick leave, continuing education, 
life insurance and retirement plans. After two years full-time 
employment, physicians are eligible to be considered for 
partnership. 

For a physician application, please call (818) 405-3224 
or send your curriculum vitae to: Physician Recruitment, 
Dept. 78E8, Walnut Center, Pasadena, CA 91188-8854. 


Equal Opportunity Employer M/F/H 
| KZ 


KAISER PERMANENTE 
Good People. Good Medicine. 
























Agenesis of the Gallbladder 
Without Extrahepatic Biliary Atresia 


Robert S. Bennion, MD; Jesse E. Thompson, Jr, MD; 
Ronald K. Tompkins, MD 


e Agenesis of the gallbladder without extrahepatic biliary 
atresia is a rare disorder. At the UCLA-affiliated hospitals, 12 
patients were classified in the following groups: (1) multiple 
fetal anomaly, (2) asymptomatic, and (3) symptomatic. All four 
patients in the multiple fetal anomaly group died of their other 
congenital defects. In the three patients in the asymptomatic 
group, the absent gallbladder was an incidental finding at 
autopsy. The five patients in the symptomatic group underwent 
operations for symptoms suggestive of biliary tract disease, 
with no gallbladder found; all were symptom free postopera- 
tively. Operative strategy should include a complete explora- 
tion, operative cholangiography, and common bile duct explo- 
ration as necessary. Possible mechanisms responsible for 
symptoms include primary duct stones, biliary dyskinesia, or 
nonbiliary disorders. Computed tomography, biliary manom- 
etry, upper gastrointestinal tract endoscopy, and endoscopic 
cholangiography (with or without sphincterotomy) could be 
employed if symptoms continue. 

(Arch Surg 1988;123:1257-1260) 


JANE tesis of the gallbladder without concomitant extra- 
hepatic biliary atresia is a rare congenital anomaly 
of the biliary system. Collected reviews of 1501 061 autop- 
sies reported in the literature found only 237 cases of 
gallbladder agenesis.'* This represents an incidence of 
about one case in 6334 livebirths. Of greater import to 
surgeons is that congenital absence of the gallbladder is 
occasionally discovered at laparotomy in patients who 
undergo operations for symptoms compatible with acute 
biliary tract disease. At surgery, both primary choledocho- 
lithiasis and normal extrahepatic biliary systems (except 
for the absence of the gallbladder and cystie duct) have 
been reported. In addition, others have indicated that 
occasionally other congenital abnormalities are present 
and the condition may be hereditary.*'* 

In an effort to delineate this condition better, the 
experience at the UCLA-affiliated hospitals was reviewed. 
In addition, the world literature was surveyed, and in this 
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report, we have identified distinct groups of patients and 
summarized the treatment strategies. 


PATIENTS AND METHODS 


The medical records of patients who underwent surgery for 
biliary tract disease, and all autopsy records at the UCLA Medical 
Center, Sepulveda (Calif) Veterans Administration Medical Cen- 
ter, and Olive View Medical Center, Sylmar, Calif, from 1955 to 
1987, were reviewed, searching for patients with gallbladder 
agenesis. The presence of other congenital anomalies, presence 
and magnitude of biliary tract symptoms and laboratory abnor- 
malities, diagnostic tests, and operative results were specifically 
noted. In addition, the world literature was reviewed to extract 
the same information for comparison with the UCLA experience. 

Analysis by x? was employed to determine the significance of 
any differences noted. 


RESULTS 
UCLA Experience 


In the 32 years between 1955 and 1987, 12 patients were 
identified to have true agenesis of the gallbladder and 
cystic duct without extrahepatic biliary atresia. There 
were seven females and five males who varied in age from 
1 day to 67 years (mean age, 24.7 years). Based on 
information obtained, three separate categories of patients 
with gallbladder agenesis could be constructed: (1) multiple 
fetal anomaly, (2) asymptomatic, and (3) symptomatic. 

The multiple fetal anomaly group consisted of four 
children born with multiple congenital defects who all died 
in the perinatal period (less than one month) of causes 
related to their nonbiliary anomalies. There were two male 
and two female infants, and the ages at death were 1, 4, 
24, and 30 days. All four infants had significant cardiopul- 
monary defects (tetralogy of Fallot, common atrium with 
agenesis of left lung, total anomalous venous return with 
large atrial septal defect, hypoplastic left-heart syndrome, 
preductal coarctation of aorta and dextroposition of aorta, 
ventricular septal defect, and patent foramen ovale); three 
infants also had multiple external anomalies (malformation 
of left hand and forearm, cleft lip and palate with low-set 
ears, low-set ears, prominent occiput, and abnormal fifth 
digit); two infants had genitourinary anomalies (agenesis 
of right kidney with two left ureters and separate uterine 
horns); and one infant exhibited gastrointestinal anomalies 
(imperforate anus with rectovaginal fistula). 
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There were three patients in the asymptomatic group: 
one male (age, 1⁄2 years) and two females (ages, 7 and 60 
years). All three patients died of unrelated causes (two of 
pneumonia and one of a myocardial infarction), and agenesis 
of the gallbladder without extrahepatic biliary atresia was 
an incidental finding at autopsy. 

The symptomatic group consisted of five patients who 
underwent operations for symptoms suggestive of biliary 
tract disease, and no gallbladder was found at surgery. 
There were two men and three women in this group, and 
their mean age was 45.2 years (age range, 30 to 67 years). 
All five patients complained of severe, chronic right-upper- 
quadrant abdominal pain, with the majority also complain- 
ing of other biliary symptoms as well (nausea, vomiting, 
fatty food intolerance, dyspepsia, jaundice, etc). This 
clinical information is summarized as follows: 

Sex, M/F 2/3 

Mean age, y (range, y) 45.2 (30-67) 

Mean R-upper-quadrant pain 
duration, y (range) 

No. of patients 
R-upper-quadrant pain 
Other biliary symptoms 
Abnormal liver chemistry test 

results 

Intraoperative cholangiography 
Bile duct stones 
Bile duct dilatation 


Three of the patients had a nonvisualizing oral cholecys- 
togram, while the other two had right-upper-quadrant 
ultrasonographic findings that were interpreted as a 
scarred, shrunken gallbladder with stones. Cholescintig- 
raphy was not performed on any of the patients. None of 
the five patients had had previous surgical procedures in 
the right upper quadrant. All five patients had an absent 
gallbladder and cystic duct, which was confirmed by needle 
intraoperative cholangiography. The common bile ducts in 
two patients were dilated (>10 mm), and a solitary primary 
common duct stone was seen on cholangiography in each 
patient. These stones were successfully removed with 
choledochotomy and common bile duct exploration. All five 
patients subsequently did well and, on follow-up of a 
minimum of one year, had no recurrence of symptoms. 


5.83 (1 wk-20 y) 
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World Literature Summary 


The world literature was reviewed, and 381 additional 
cases of documented agenesis of the gallbladder without 
extrahepatic biliary atresia were found.™ It became ap- 
parent that these patients could easily be placed into the 
same three descriptive groups as the UCLA patients. 

The multiple fetal anomaly group consisted of 48 children 
(24 male, 21 female, and three unspecified sex) who died 
of their other anomalies, and absence of the gallbladder 
was only recognized at autopsy. The mean age of this group 
at death was 0.47 years (age range, newborn to 6 years). 
Cardiovaseular malformations were most frequently en- 
countered (58.3%), followed by gastrointestinal/genitouri- 
nary and anterior abdominal wall anomalies (2596 and 
10.4%, respectively). Central nervous system defects ac- 
counted for the remaining patients (6.3%). 

The asymptomatic group comprised 125 patients in whom 
absence of the gallbladder was discovered either at autopsy 
or at celiotomy for an unrelated diagnosis. None of these 
patients had reported any symptoms referable to the 
biliary tract. There were 62 males and 45 females, and 18 
in whom the sex was not delineated. Their average age at 
the time of discovery was 33.3 years, with an age range of 
1 day to 84 years. 

The symptomatic group contained 208 patients, 69 men 
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and 139 women (P<.01) who ranged in age from 12 to 79 
years (mean age, 46.4 years). All of these patients com- 
plained of at least one symptom compatible with hepato- 
biliary dysfunction that led to exploratory surgery at which 
time absence of the gallbladder and cystic duct was 
discovered. Right-upper-quadrant abdominal pain was de- 
scribed in over 90% of these patients, and it had existed 
for a mean of 5.6 years (range, three days to 30 years) in 
the 129 patients in whom pain duration was recorded. 
Other symptoms occurred less frequently. The presenting 
symptoms in this group of patients were as follows: 


No. (%) 
Presenting Symptom of Patients 
R-upper-quadrant pain 188 (90.1) 
Nausea/vomiting 138 (66.3) 
Fatty food intolerance 78 (37.5) 
Jaundice 74 (35.6) 
Gas bloat 61 (29.3) 
Dyspepsia 60 (28.8) 
Fever/chills 57 (27.4) 
Weight loss 54 (26.0) 
Anorexia 34 (16.3) 
Diarrhea 25 (12.0) 
Constipation 5 (2.4) 


In a total of 63 patients, blood chemistry and hematology 
values were recorded and are summarized in the Table. 
Ninety-two patients underwent an oral cholecystogram, 
and 29 patients had an intravenous cholangiogram preop- 
eratively as part of the diagnostic workup to delineate the 
cause of their complaints. Absence of gallbladder opacifi- 
cation on all these studies was interpreted as consistent 
with acute cholecystitis. Ultrasonography of the right 
upper quadrant of the abdomen was performed in eight 
patients; all ultrasonographic findings were interpreted as 
a shrunken gallbladder consistent with cholecystitis. A 
nuclear medicine scan (HIDA [hepato-iminodiacetic acid] 
scan) was performed in two patients, as was endoscopic 
retrograde cholangiopancreatography. Absence of gall- 
bladder filling and nonvisualization of the cystic duct in 
these patients were also thought to be consistent with 
acute cholecystitis. At surgery, common bile duct dilatation 
was found in 67 patients (32.2%), and stones were removed 
from the common bile duct in 57 patients (27.4%). The 
average number of stones recovered was 1.6. Operative 
cholangiography was performed in 124 patients, confirming 
absence of the gallbladder and cystic duct. Eleven patients 
(5.3%) had either recurrence of symptoms or no change in 


Admitting Laboratory Values in 
63 Patients With Symptomatic 
Gallbladder Agenesis 


No. of 
Patients 
Undergoing 
Measurements 


No. (%) 
of Values 
Elevated 


Level 
Alkaline 
phosphatase 
Aspartate 
aminotransferase 
Alanine 
aminotransferase 
Amylase 
Total bilirubin 
Direct bilirubin 
White blood cell 
count 


14 (35.0) 
8 (20.0) 
3 (9.1) 
5 (14.3) 
20 (38.5) 
4 (13.3) 


11 (25.6) 
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their symptom complex postoperatively, while the remain- 
ing patients were described as asymptomatic. 


COMMENT 


Congenital absence of the gallbladder and cystic duct is 
an unusual developmental anomaly that occurs in less than 
one in 6000 livebirths.? Embryologically, the development 
of the hepatobiliary system begins about the third week 
(3- to 4-mm stage) when a liver primordium or hepatic 
diverticulum forms as an outgrowth of the entodermal 
epithelium at the distal end of the foregut. As the 
diverticulum grows, its connection with the gut narrows 
and becomes the extrahepatic bile ducts. A small ventral 
outgrowth of this area of narrowing gradually grows and 
vacuolizes, eventually forming the gallbladder and cystic 
duct. Failure of this outgrowth to form results in gallblad- 
der agenesis without extrahepatic biliary atresia. 

Blechschmidt* reports that in normal embryos, the 
gallbladder anlage develops between the paired ompha- 
loenteric and umbilical veins, and the sinus venosus cordis. 
He believed that disturbed development of these vessels 
would result in the disturbed positional development of the 
cells of the upper umbilical region that could result in a 
breakdown of the suction field of that area, and conse- 
quently result in the lack of development of the gallbladder 
anlage. This would help explain the apparent relationship 
observed between gallbladder agenesis and significant 
cardiovascular, gastrointestinal, and anterior abdominal 
wall anomalies in members of the multiple fetal anomaly 
group. 

It is currently impossible to predict which members of 
society do not possess a gallbladder, and programs for 
massive screening for such a rare anomaly are not justified. 
However, there have been recent reports that gallbladder 
agenesis may be familial, and two multigenerational studies 
seem to indicate that the anomaly is a non-sex-linked trait 
with variable penetration, although actual incidence is not 
known.9/? This is probably not pertinent to the multiple 
fetal anomaly group, as gallbladder agenesis is only a small 
part of a much larger constellation of lethal defects. As a 
practieal matter, however, we do believe it is advisable to 
perform noninvasive diagnostic screening tests, such as 
ultrasonography, oral cholecystography, and cholescintig- 
raphy, in asymptomatic family members of patients with 
documented gallbladder agenesis in an attempt to identify 
other people with the anomaly. If symptoms suggestive of 
biliary disease subsequently develop in these individuals, 
previous knowledge of absence of the gallbladder agenesis 
would simplify diagnostie efforts and could possibly avoid 
an unnecessary celiotomy. 

It has been extremely difficult to make the correct 
diagnosis of gallbladder agenesis preoperatively in the 
symptomatie patient. In patients with right-upper-quad- 
rant abdominal pain and fever, nonvisualization of the 
gallbladder by cholescintigraphy is virtually diagnostic of 
acute cholecystitis. Further diagnostie studies are not 
usually indicated in these patients. Many patients with 
chronic cholecystitis likewise have nonvisualization of the 
gallbladder by conventional radiographic and nuclear med- 
icine scanning modalities. The rarity of gallbladder agen- 
esis compared with chronic cholecystitis with a scarred, 
shrunken gallbladder is, we believe, responsible for the 
noted inaccuracy of ultrasonographic studies to date. Most 
likely, periportal tissue and subhepatic peritoneal folds 
a been incorrectly interpreted as a shrunken gallblad- 

er. 

Once it has been discovered at celiotomy that the gall- 
bladder appears to be absent, we think that it is the 
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surgeon' responsibility to prove agenesis. Therefore, the 
surgeon must utilize all reasonable means to locate the 
apparently absent organ. Operative strategy should in- 
clude a thorough surgical exploration from the hilus of the 
liver to the duodenum, keeping in mind the possible 
positions that a gallbladder might occupy if not in its 
normal anatomical site. Sherson" lists these locations as 
intrahepatic; left sided, between the leaves of the lesser 
omentum; retroperitoneal and retrohepatic; within the 
falciform ligament; and retroduodenal and retropancreatic. 
Surgical exploration should also include a Kocher's maneu- 
ver to palpate behind the duodenum and head of the 
pancreas. Scar tissue must be looked for by dissecting in 
the gallbladder fossa and porta hepatis, and the lesser 
omentum, falciform ligament, and liver should be bimanu- 
ally palpated. Nonbiliary causes of the abdominal pain 
should be sought at this time and treated appropriately. 

Needle operative cholangiography is essential both to 
exclude a hypoplastie or aberrantly located gallbladder 
and to look for stones within the biliary system. Choledo- 
chotomy and exploration of the common duct should be 
reserved only for cases in which stones are demonstrated 
on operative cholangiography and, perhaps, in eases of 
significant dilatation of the duct (ie, >20 mm). Because the 
vast majority of patients are asymptomatic postoperatively, 
operative sphincter ablative procedures should never be 
done at the initial exploration. 

We agree with the observations made over 40 years ago 
by Dixon and Lichtman' that the symptomatic patient with 
gallbladder agenesis is probably comparable physiologi- 
cally with the postcholecystectomy state, and the same 
possible causes of pain and discomfort as in patients with 
the posteholecystectomy syndrome should be considered. 
These causes of postcholecystectomy syndrome, and pre- 
sumably symptomatic gallbladder agenesis, include pri- 
mary bile duct stones, biliary dyskinesia, and, of course, a 
nonbiliary pathologic condition. Primary common bile duct 
stones were found in two of five symptomatic patients at 
UCLA, and in over 27% of symptomatic patients in the 
literature. It has been demonstrated that bile duct stasis 
will result in stone formation in experimental animals,” as 
well as humans.? Using manometric studies to evaluate 
the motor activity of the sphincter of Oddi, Toouli et al? 
found that patients with common duct stones had a signif- 
icantly greater amount of retrograde sphincteric muscular 
contractions when compared with controls. They specu- 
lated that this dyskinesia would cause stasis and favor 
development of calculi. 

Biliary dyskinesia with or without stones has long been 
thought to cause unexplained right-upper-quadrant pain. 
Recently, it has been demonstrated that patients who 
suffer from recurrent episodes of right-upper-quadrant 
pain and possess an otherwise normal pancreaticobiliary 
tree had a significantly higher sphincter of Oddi resting 
pressure, as well as a significantly increased proportion of 
retrograde propagation of phasic muscular contraction 
when compared with healthy volunteers.” Intravenous 
morphine sulfate injections to induce sphincter of Oddi 
spasm has been shown to reproduce symptoms exactly in 
patients with biliary dyskinesia, and manometric studies 
reveal that the occurrence of symptoms coincides exactly 
with the rise in intracholedochal pressure.^ In addition, 
some patients exhibit a paradoxical increase in the basal 
sphincter of Oddi pressure with the injection of cholecys- 
tokinin and ceruletide that may also help explain the cause 
of dyskinesia and pain patients with normal pancreatico- 
biliary systems.?*?* Toouli® has further shown that 5296 of 
patients with symptomatic biliary dyskinesia respond sat- 
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isfactorily to conservative therapy consisting of oral 
smooth-muscle relaxants and analgesics, and that 90% of 
the remaining patients have an excellent response to 
sphincter ablative procedures. 

It is currently unclear why all the symptomatic UCLA 
patients, including those without primary bile duct stones, 
and the vast majority of the symptomatic patients in the 
literature are symptom free after operation. Maybe lysis 
of periportal and right-upper-quadrant adhesions plays a 
role, but this is purely speculative. An extensive postop- 





erative workup, including invasive maneuvers, therefore 
should not routinely be performed. Rather, we propose 
that the patient be observed initially, watching for recur- 
rence of symptoms; if this occurs, we recommend conser- 
vative therapy with oral smooth-muscle; relaxants and 
analgesics, as has been successfully ‘shown: in treating 
patients with biliary dyskinesia. We would ‘proceed with a 
more invasive workup, including consideration for sphinc- 
ter ablative procedures, only if the patient did not respond 
to conservative therapy. 
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Magnetic Resonance Imaging in Pituitary Apoplexy 

David Lacomis, MD; Lenworth N. Johnson, MD; Alexander C. Mamourian, MD 

The diagnosis of pituitary apoplexy, an often-fatal disorder, is frequently delayed. Computed tomographic 


(CT) scanning has been shown to be useful in the detection of pituitary apoplexy; however, the value of 
magnetic resonance imaging (MRI) is yet to be determined. The MRI and CT scans of three consecutive and 


histopathologically proved cases of pituitary apoplexy were reviewed. The MRI scans obtained at least five 
days after the onset of symptoms suggested pituitary apoplexy (hemorrhage) in all three cases, while CT 
scanning indicated pituitary hemorrhage in only one case. Increased signal on the T,-weighted image was 
the hallmark on MRI scans in all three cases. These findings suggest that MRI scanning may be superior to 
CT scanning in identifying pituitary apoplexy, at least in the subacute phase (Arch Ophthalmol 1988;106:207- 


209). 
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STRAUB CLINIC & HOSPITAL 
HONOLULU, HAWAII 


BE/BC general surgeon for sum- 
mer '89 to join regional satellite 
of 15 Straub physicians in new 
medical office building and new 
hospital. 


Straub is a 130-physician multi- 
specialty group with our own 162 
bed hospital and 7 satellites on 
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Salary first year; equity partici- 
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was the first Level I Trauma Center in 
thestate and performs over 1000 open 
heart surgery cases per year. The 
hospital sponsors accredited residency 
programs in general, plastic, and colon 
and rectal surgery. It is a component of 
HealthEast, a regional not - for - profit 
multi- hospital system, and a clinical 
campus of Hahnemann University in 
Philadelphia where the successful can- 
didate will hold a vice-chair appoint- 
ment in the department of cup The 
Allentown Hospital — Lehigh Valley 
Hospital Center is located in Allentown, 
a growing metropolitan area in Eastern 
Pennsylvania in close proximity to 
both Philadephia and New York. 


Board certified surgeons with admin- 
istrative experience and familiarity 
with both academic and community 
hospital environments should write or 
call for more information or send 
curriculum vitae in confidence to: 


© HealthSearch 


George W. Hartzell, Jr., M.D. 
Chairman, Search Committee 
c/o HealthSearch 
50 College Drive 


Allentown, PA 18104 
(215) 778-7993 
Equal Opportunity Employer 


Good care starts with Great Caregivers 














CHAIRMAN 
DEPARTMENT 
OF SURGERY 


GREATER BALTIMORE MEDICAL 
CENTER, (GBMC), a prestigious 
352 bed specialty teaching 
hospital in the northern suburbs 
of Baltimore, Maryland, is seeking 
a Chairman for the Department 
of Surgery. 


This very active department 
experiences 3,700 annual ad- 
missions as well as over 4,400 
outpatient surgical procedures. 
The department includes a 
colo-rectal residency training 
program. The 202 Surgeons on 
staff comprise the department's 
divisions of General and Vascu- 
lar Thoracic Surgery, Urology, 
Neurosurgery, Plastic Surgery 
and Orthopaedics. 


Candidates must have demon- 
strated leadership in clinical, 
teaching and administrative 
areas appropriate for a surgical 
department with the highest 
standards of patient manage- 
ment and an unusually well 
qualified surgical staff. The suc- 
cessful applicant will be a prom- 
inent surgeon with the ability to 
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goals of the Department. 


GBMC, Maryland's third most 
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an attractive private practice 
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acre suburban campus with 
dynamic, state- of-the-art 
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support services. The Hospital is 
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ing educational and entértain- 
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tary through post graduate edu- 
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At risk for aminoglycoside toxicity: 


The elderly. 


AZACTAM — safer than 
aminoglycosides for elderly 
patients* 


For a variety of reasons, including their often 
debilitated condition and serious underlying 
diseases, elderly patients have been reported to 
be at increased risk for aminoglycoside-associated 
toxicities.‘ AZACTAM represents a safer 
alternative for the treatment of gram-negative 
infections in these patients, an alternative that is 
free from the risks of nephrotoxicity’ and 
ototoxicity.?* 


AZACTAM — the first monobactam — 
as effective as the aminoglycosides 


In addition to its increased margin of safety, 
AZACTAM offers clinical and microbiological 
effectiveness equal to aminoglycosides in the 
treatment of gram-negative infections, such as 
peritonitis, intraabdominal abscess, and 
gangrenous appendicitis.*? Its bactericidal activity 
is well suited for monotherapy when a susceptible 
gram-negative pathogen has been identified and 
is an ideal complement to gram-positive or 
anaerobic agents when empirical therapy Is 
indicated. 





*Dosage adjustment, based on estimated creatinine clearance, may be 
necessary in elderly patients. 

'Demonstrated in animal studies and in human volunteer studies. In clinical 
trials involving 4,570 subjects, transient elevations in serum creatinine were 
rarely observed. 


For a discussion of INDICATIONS AND USAGE (including 
susceptible organisms), CONTRAINDICATIONS, WARNINGS, 
PRECAUTIONS, and ADVERSE REACTIONS, please consult brief 
summary on the following page. 


The logical alternative to aminoglycosides 


Azactam instead. 


aztreonam 
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The logical alternative to aminoglycosides 


Azactam instead. 


AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of anewclass 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to 
yellowish-white lyophilized cake, containing approximately 780 mg arginine per 
gram of aztreonam for intramuscular or intravenous use following constitution. 
Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE —Before initiating treatment with AZACTAM, appropri- 
ate specimens should be obtained for isolation of the causative organism(s) and 
for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species* and Serratia marcescens*. Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species*. Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae’, 
Pseudomonas aeruginosa, Citrobacter species* including C. freundii* and Serratia 
species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species* including E. cloacae*, and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 


Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 


CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


WARNINGS Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS —General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 


*Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 


aztreonam 





used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any ofthe maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 196 are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associated diarrhea or gastrointestinal bleeding have been reported. Dermatologic— 
purpura, erythema multiforme, urticaria, exfoliative dermatitis, petechiae, pruritus, 
diaphoresis. Cardiovascular— hypotension, transient ECG changes (ventricular 
bigeminy and PVC). Respiratory—one patient experienced flushing, chest pain, 
and dyspnea. Hepatobiliary—hepatitis, jaundice. Nervous System—seizure, con- 
fusion, vertigo, paresthesia, insomnia, dizziness. Musculoskeletal—muscular aches. 
Special Senses—tinnitus, diplopia, mouth ulcer, altered taste, numb tongue, sneez- 
ing and nasal congestion, halitosis. Other—vaginal candidiasis, vaginitis, breast 
tenderness. Body as a Whole—weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE-—'f necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)—Lyophilized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1 g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam). 

(J4-231) 
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Significance of Reservoir Length 
- in the Endorectal Ileal Pullthrough 


With Ileal Reservoir 


Matthias Stelzner, MD; Eric W. Fonkalsrud, MD; Geri Lichtenstein 


e ileal reservoirs have been used almost routinely in con- 
junction with total colectomy and the endorectal ileal pull- 
through procedure for ulcerative colitis and familial polyposis. 
Of 153 patients who underwent surgery at UCLA Medical 
Center during the past seven years, a comparison was made 
between 14 patients with an initial reservoir length of greater 
than 30 cm (large) and 54 patients with a short reservoir (14 
to 20 cm). Although patients with long reservoirs had a low 
stool frequency in the first postoperative year, there was a 
subsequent increase. During the first two postoperative years, 
six (43%) of 14 patients developed reservoir enlargement with 
secondary pouchitis and diarrhea, which severely limited their 
activities, finally requiring partial resection. Only one of the 
14 patients with short reservoirs who underwent surgery more 
than two years previously had a resection. Complications 
requiring operative treatment were more than five times 
greater in patients with long reservoirs. All patients with 
shortened reservoirs experienced dramatic improvement in 
their clinical course within one month. Ileal reservoirs of 14 
to 16 cm in length appear to provide long-term, excellent 
clinical function, with an incidence of pouchitis of less than 
5%. Symptoms in patients with large reservoirs may be greatly 
improved by reservoir shortening. 

(Arch Surg 1988;123:1265-1268) 


uring the past decade, experience has been compiled 

for over 1600 patients with ulcerative colitis or famil- 

ial polyposis who have undergone total colectomy, mucosal 
proctectomy, and endorectal ileal pullthrough with con- 
struction of an ileal reservoir at certain medical centers in 
the United States. Three types of ileal reservoirs have been 
used most frequently—J-shaped, S-shaped, and lateral 
isoperistaltic; however, none has become the standard 
technique, as the short-term clinical results have been 
similar with each. The size of the reservoirs has varied 
greatly, as no studies have demonstrated an improved 
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functional result with small (compared with large) reser- 
voirs. Reported long-term results are scant, and there is 
little information available regarding reservoir enlarge- 
ment to excessive size after two or more years. 

The lateral isoperistaltic ileal reservoir used at the 
UCLA Medical Center has been modified during the last 
seven years, particularly with regard to reservoir length. 
In this investigation, the effect of different initial reservoir 
lengths on the long-term clinical outcome in patients was 
studied. The results indicate that there is an “optimal” 
length for the isoperistaltic ileal reservoir, since those that 
were 12 to 20 cm long provided sufficient space for fecal 
storage; these short reservoirs were associated with low 
stool frequency, rare pouch inflammation, and a low rate of 
long-term complications. In contrast, patients with reser- 
voirs exceeding 30 cm in initial length developed a high 
incidence of complications, with pouch inflammation, an 
increase in stool frequency, and diarrhea. 


PATIENTS AND METHODS 


During the seven years between 1980 and 1987, 137 patients 
with ulcerative colitis unresponsive to medical treatment and 15 
patients with familial polyposis underwent total colectomy, mu- 
cosal proctectomy, and endorectal ileal pullthrough with construc- 
tion of a lateral ileal reservoir (PTR) with diverting ileostomy at 
the UCLA Medical Center. Another 12 patients underwent a 
straight endorectal pullthrough without a reservoir during the 
same period. 

During the period of follow-up from three months to seven 
years, 43 of the 153 patients with ileal reservoirs have required 
partial resection because of marked elongation and distention that 
caused fecal stasis and pouch inflammation, with mucosal edema, 
increased friability, easy bleeding, and, in rare cases, mucosal 
ulcerations. Most had diarrhea, incomplete reservoir emptying, 
increase in stool frequency, and gas formation, which limited their 
physical and social activities. Oral medications, including metro- 
nidazole hydrochloride (Flagyl), diphenoxylate hydrochloride- 
atropine sulfate (Lomotil), and psyllium husk (Metamucil), as well 
as adherence to a strict constipating diet, did not adequately 
relieve the symptoms in most cases. Reservoir irrigation with a 
rectal catheter and tap water twice daily afforded temporary relief 
of symptoms in many patients but was not considered an acceptable 
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solution. A detailed review of these 43 patients showed that each 
of those who underwent a reservoir-shortening operation had a 
long (20 em or longer) reservoir constructed during the original 
PTR procedure. 

This study compares the operative findings and postoperative 
clinical course of 14 patients with an initial reservoir length of 30 
to 35 em (group 1) with 54 patients with a reservoir 12 to 20 cm 
long (group 2). Most of the patients in group 1 underwent reservoir 
construction between 1980 and 1983, whereas most patients in 
group 2 underwent surgery between 1984 and 1987. An additional 
84 patients had reservoirs of intermediate length (21 to 29 cm) 
constructed between 1980 and 1985 but were not included in the 
present review, which is intended to compare very long and short 
reservoirs. 

The operative technique was not changed appreciably during 
the period from 1980 to 1984 and followed the general guidelines 
presented in 1981.* After colectomy and rectal mucosectomy, the 
terminal ileum was drawn through the remaining rectal muscula- 
ture and was anastomosed to the anal skin at the dentate line. 
The rectal muscle cuff varied between 5 and 8 em in these patients. 
An end-diverting ileostomy was constructed. After three to six 
months, each of the patients underwent a second-stage closure of 
the ileostomy and simultaneous construction of a side-to-side ileal 
reservoir. 

To assess the long-term outcome over two years for both long 
and short reservoirs, a comparison was made between the 14 
patients from group 1 and 14 patients with short pouches from 
group 2 who underwent surgery between 1984 and 1985 (group 
2a) The remaining 40 patients in group 2 underwent surgery 
within the last two years and therefore have had an insufficient 
period of follow-up. Patients from group 2a had rectal muscle euffs 
of 4 to 6 em in length, and the spout from the ileoanal anastomosis 
to the reservoir rarely exceeded 2 em. Two patients from this 
group had the reservoir constructed at the time of the initial 
pullthrough, which was performed routinely during the past two 
years. There were no significant differences in age and sex 
distribution between groups 1 and 2a, nor were there differences 
in the underlying diseases (approximately 9046 of patients in both 
groups had ulcerative colitis). 


RESULTS 


No intraoperative complications occurred in the 14 pa- 
tients from group 1 and the 54 patients from group 2. On 
the other hand, the extent of reservoir enlargement within 
two years varied greatly between the two groups. Six (48%) 
of the 14 patients in group 1 developed significant reservoir 
elongation and distention that required reservoir shorten- 
ing within the first two years, and 13 (9396) of 14 within 
four years after surgery. The average time after ileal 
reservoir construction that partial resection was performed 
was 26 months. The average length of the enlarged reser- 
voirs at the time of resection ranged from 30 to 60 cm, 
with a mean of 39 cm. Only one (7%) of the 14 patients 
with short reservoirs who underwent surgery more than 
two years previously (group 2a) required partial resection 
of the reservoir. 

A summary of the complications that occurred after 
surgery and required minor or major operative procedures 
within two years is shown in the Table. In five patients 
(four in group 1 and one in group 2a), reservoir distention 
developed in association with narrowing of the ileoanal 
anastomosis or rectal muscle cuff. In almost all the patients 
who developed marked reservoir enlargement, the rectal 
muscle cuff exceeded 5 em in length, and the spout at the 
lower end of the reservoir was longer than 3 em. Stenosis 
was localized in the rectal muscle cuff near the midportion 
in two patients from group 1. Four patients in group 1 had 
intestinal obstruction owing to intestinal adhesions. The 
elongated reservoir twisted under the mesentery, which 
had been loosened from its attachment to the posterior 
abdominal wall causing volvulus in another patient. Chronic 
reservoir inflammation (pouchitis) occurred in eight of the 
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Complications Requiring Operative Procedures Within Two 
Years After Surgery 


No. of Complications 
by Group* 
















Complication Group 1 Group 2a 


*Group 1 comprised patients (n — 14) with an initial reservoir length of 30 
to 35 cm; group 2a, patients (n — 14) with an initial reservoir length of 12 to 
20 cm who were operated on between 1984 and 1985 and therefore have a 
sufficient (two-year or longer) period of follow-up. 


—-—|—j|mi-|nmj|nm!ijo 


patients from group 1 but only one patient from group 2a 
within the first two years after surgery. Only one patient 
from group 2a (in contrast to nine patients from group 1) 
required laparotomy within two years after ileostomy 
closure. 

Symptoms of steroid withdrawal were common in pa- 
tients from both groups 1 and 2a and were characterized 
by the acute onset of ileus with intestinal distention and 
emotional lability. 

For the evaluation of postoperative stool frequency, the 
results in the 14 patients in group 1 were compared with 
those in the 54 patients in group 2 (Fig 1). Patients with 
long constructed reservoirs (group 1) had lower stool 
frequency in the immediate postoperative period (four 
bowel movements [BMs] per day vs ten BMs per day). 
After one year, the number of BMs per day was equal in 
both groups (six BMs per day). Thereafter, however, the 
stool frequency steadily increased to an average of 14 per 
day at 24 months' follow-up for group 1, whereas group 2 
patients had an average of six BMs per day at 24 months' 
follow-up. 

When present, reservoir enlargement almost invariably 
occurred during the second and third postoperative years. 
Affected patients presented with a clinical syndrome of 
malaise, increased stool frequency, urgency, flatulence, 
diarrhea, and abdominal distention. Many of these patients 
had inflammation in their reservoirs, as demonstrated by 
erythema, increased friability, and, in rare cases, small 
ulcerations in the mucosa. When fecal stasis and pouch 
inflammation developed, initial treatment consisted of oral 
antibiotic and antidiarrheal medication (Flagyl, Lomotil, 
and Metamucil), as well as adherence to a strict constipat- 
ing diet. If the symptoms persisted, the patients were 
advised to irrigate the reservoir with a rectal catheter and 
tap water twice daily. This regimen gave some relief in 
most of the patients, but symptoms recurred frequently 
when the treatment was tapered. 

In cases where there was radiological evidence of exten- 
sive reservoir enlargement or when the diarrhea persisted 
over three months with conservative measures, partial 
resection of the reservoir was recommended. During the 
reservoir-shortening procedure, 30% to 70% of the total 
reservoir length was resected, and the ileum was reanas- 
tomosed to the remaining distal portion of the reservoir. 
Approximately 15 to 18 em of the reservoir was left in the 
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Fig 1.—Stool frequency following construction of ileal reservoir. 
During first postoperative year, patients with large reservoirs have 
low stool frequency. During following years, number of stools 
steadily increase concomitant with enlargement of reservoirs. 
Broken line indicates patients with reservoirs of 30 cm or longer 
(n — 14); solid line, patients with reservoirs 12 to 20 cm in length 
(n — 54). 
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Fig 2.—Stool frequency in patients who underwent partial reservoir 
resection. Thirteen of 14 patients in group 1 with large reservoirs 
developed marked enlargement associated with pouchitis and 
diarrhea within three years after surgery. Partial reservoir resection 
was performed at mean of 26 months after reservoir construction. 
Pouchitis was relieved in all 13 patients within one month, and 
stool frequency returned to mean of six bowel movements per 24 
hours within three months. Open bar indicates day; hatched bar, 
night. 


patients.? The operation resulted in an immediate decrease 
in stool frequency and improvement of the patients' general 
status (Fig 2); pouch inflammation resolved in each of the 
patients within three weeks after surgery. 


COMMENT 


During the past ten years, the dimensions of the ileal 
reservoirs constructed in association with the endorectal 
ileal pullthrough procedure have varied considerably. The 
reservoirs constructed initially in our hospital in 1979 had 
an average length of 20 to 25 em. Since many of these 
patients experienced what we consider to be a high stool 
frequency (approximately eight BMs per day) during the 
first six months after surgery, we gradually enlarged the 
reservoirs to approximately 30 cm in length between 1981 


Arch Surg— "Vol 123, Oct 1988 





Fig 3.—Contrast roentgenogram of ileal reservoir of 26-year-old 
male patient 24 months after surgery. Initial length was 30 cm. 
There is no obstruction of reservoir outlet or ileoanal anastomosis. 


and 1983. This decision was largely influenced by investi- 
gative studies in rabbits that showed that the isoperistaltic 
ileal reservoir regained peristaltic contractions within 
three months after surgery.? The large reservoirs produced 
low stool frequency (four to six stools per 24 hours at six 
months' follow-up); however, it became apparent that by 
two years' follow-up the large reservoirs did not have 
peristaltic activity and emptied only a portion of the 
contents with each defecatory action. Encouraged by 
studies from Heppell and associates‘ that demonstrated 
that reservoirs with a volume of 400 mL or more were 
associated with decreased stool frequency, we continued 
to use large reservoirs to increase the space for fecal 
storage. 

During the ensuing years, it became evident that large 
reservoirs (exceeding 20 cm in length) tended to increase 
in size markedly during the first two to three postoperative 
years. The enlargement was characterized by elongation 
as well as distention, with occasional pouches achieving a 
length of 60 cm (Fig 3). The reservoirs extended into the 
upper abdomen and were associated with marked increase 
in flatus, diarrhea, abdominal distention, stool frequency, 
and, in some cases, incontinence. Although the reservoir 
enlargement in a few cases could be attributed in part to 
mild strictures of the ileoanal anastomosis or low rectal 
canal, the cause in most cases was not apparent. In some 
of the earlier patients, the rectal muscle cuff measured 
over 5 to 8 em and the spout of the reservoir became 
elongated, possibly causing partial obstruction in the 
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absence of a true stricture. During the past four years, the 
rectal muscle cuff has been limited to 5 em or less and the 
spout of the reservoir, to 2 cm or less, which has obviated 
these possible sources of obstruction. Reservoir enlarge- 
ment has rarely occurred in these later patients. 

A reservoir length of 39 cm appeared to be a critical 
value for the lateral reservoir, since all patients with 
pouches exceeding this length became symptomatic. The 
longer the initial reservoir, the more often internal hernias 
and adhesions developed. The greater tendency for adhe- 
sions to form in patients with long reservoirs may be due 
in part to the high incidence of pouchitis and the fact that 
the major portion of the pouch anastomosis is located 
intraperitoneally rather than in the pelvis. 

Certain anatomic configurations frequently affect res- 


ervoir emptying, including narrowing of the ileoanal anas- - 


tomosis or rectal muscle cuff. Furthermore, the longer and 
more contorted the main axis of a reservoir, the more 
incomplete the evacuation. These observations suggest a 
reason why long reservoirs are more prone to complications 
such as fecal stasis and pouch inflammation. Almost all 
endorectal ileal reservoirs will undergo some postoperative 
dilatation merely as a result of the continuous "temporary 
outflow obstruction” caused by the anal sphincter mecha- 
nism. However, enlargement of more than double the initial 
size rarely occurs. Following this hypothesis, a reservoir of 
15 em of initial length is unlikely to reach the threshold of 
35 to 40 em, where incomplete evacuation becomes severe. 
Since small reservoirs do not provide large storage space 
during the early postoperative period, the number of stools 
tends to be higher than in patients with large initial 
pouches. Large reservoirs will, however, even at a low 
degree of distention, empty incompletely and retain fecal 
material. This concept is corroborated by our observations 
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that distended reservoirs were filled with a considerable 
volume of fecal material after defecation, whereas small 
pouches were evacuated almost completely. Since the daily 
fecal output varies between 700 and 1000 mL for most 
patients with a pullthrough operation, reservoirs with a 
capacity of more than 350 mL would appear to be unnec- 
essary and may be counterproductive. 

Incomplete emptying of the reservoir and fecal stasis 
appear to lead to bacterial overgrowth and pouch inflam- 
mation. Whether our results can be generalized with regard 
to other reservoir types, such as the J-pouch or the 
S-pouch, can only be speculated. To improve continence in 
patients who underwent ileal pullthrough and to decrease 
the number of daily stools, some authors have recom- 
mended large, broad reservoirs by anastomosing three 
loops of ileum (*W-pouch") to increase the space for fecal 
storage.* This may imply a potential risk of considerable 
enlargement and undesirable fecal stasis. The lateral ileal 
reservoir is more amenable to the shortening procedure 
than are pouches of other design. None of the patients in 
the present study who underwent reservoir shortening 
experienced postoperative complications, and all are pro- 
gressing very satisfactorily at the present time, with a 
mean follow-up of 32 months. 

The present retrospective study supports the hypothesis 
that the optimal length for an isoperistaltie lateral ileal 
reservoir is 14 to 18 em, since pouches of this size rarely 
undergo pathological enlargement while providing suffi- 
cient space for storage of fecal matter within three months. 
During the past 2% years, 74 consecutive patients have 
undergone endorectal ileal pullthrough with a lateral res- 
ervoir of 14 to 18 cm in length; none has developed pouchitis, 
and the complication rate has been less than 14%, with 
only six patients requiring reoperation. 
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Combined Aortofemoral and Extended Deep 


Femoral Artery Reconstruction 


Functional Results and Predictors of Need for Distal Bypass 


Antonio V. Sterpetti, MD; Richard J. Feldhaus, MD; Richard D. Schultz, MD 


e In patients with combined aortoiliac and femoropopliteal 
occlusive disease, severe involvement of the deep femoral 
artery (DFA) has often been considered an indication for 
simultaneous aortofemoral and femorodistal bypass grafting. 
In 73 patients (87 limbs) with multilevel disease, extended DFA 
reconstruction was performed with aortofemoral bypass. Five- 
year actuarial patency of the reconstructions and overall five- 
year actuarial limb salvage were 62.2% and 60.2%, respec- 
tively. Of 20 variables tested, four were significantly associated 
with the functional outcome of the procedures. Multivariate 
analysis identified two factors as predictive of outcome inde- 
pendently from other variables: preoperative ankle-brachial 
pressure index and angiographic status of the below-knee 
popliteal artery. However, in case of reoperation for occluded 
aortofemoral graft, these factors lost their validity. Extended 
DFA reconstruction is a valuable and durable procedure able 
to provide an adequate outflow and distal perfusion. Careful 
judgment in each clinical situation will aid in selecting a small 
group of patients in which simultaneous femorodistal bypass 
is required. 

(Arch Surg 1988;123:1269-1273) 


Ji eonun problem for the vascular surgeon is the 
proper treatment of patients with multilevel occlusive 
disease that involves both the aortoiliac and femoropoplit- 
eal segments. Patients with combined aortoiliac and fem- 
oropopliteal occlusion are severely incapacitated. T'wo col- 
lateral beds must be traversed, and high resistance to flow 
is the result. Previously reported experiences have shown 
that aortofemoral grafting alone is successful in relieving 
symptoms in up to 60% to 70% of these patients.'^ A 
prerequisite for the hemodynamic and anatomical success 
of the reconstruction is the restoration of pulsatile flow 
and normal pressure to the deep femoral artery (DFA). 
When this vessel is extensively diseased, some authors 
have advocated adding simultaneous femorodistal bypass.* 

Although numerous variables have been suggested to 
prediet the need for simultaneous distal repair, few studies 
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have foeused on the problem of this particular high-risk 
situation, that is, extensive DFA involvement in multilevel 
disease. The purposes of this study were (1) to evaluate 
the clinical and functional results of combined aortofemoral 
bypass grafting and extended DFA reconstruction and (2) 
to identify objective factors potentially predictive of its 
functional outcome. 


PATIENTS AND METHODS 


The records, vascular laboratory tests, angiograms, and opera- 
tive reports of 73 patients undergoing combined aortofemoral and 
extended DFA reconstruction during the period from May 1971 to 
July 1986 were reviewed retrospectively. Deep femoral artery 
reconstruction ending beyond the first perforant branch was 
defined as “extended.” In all cases there was occlusion of the 
superficial femoral artery (SFA) and severe obstructive disease of 
the DFA, making it highly improbable that the aortofemoral 
bypass alone would remain patent. Fourteen patients underwent 
a bilateral procedure (87 limbs). Fifty-four men and 19 women 
were included in the study. Age ranged from 49 to 78 years (mean, 
64 years). Thirteen patients were diabetic, and in three of these 
the reconstruction was bilateral. Forty-eight patients had arterial 
hypertension (Table 1). In 54 limbs (48 patients), the extended 
DFA reconstruction was performed synchronously with the aorto- 
femoral graft. In 33 limbs (25 patients), it was performed after 
thrombectomy of the limb of a previously placed aortic graft. 
Operative indication was severe claudication in six cases, rest pain 
in 51, necrosis in 13, and advanced gangrene in 17. Each patient 
was evaluated on the basis of clinical findings, noninvasive studies, 
and preoperative angiographic grading of the anatomical extent 
of the disease. 


Noninvasive Hemodynamic Data 


Preoperative hemodynamic testing included determination of 
segmental Doppler pressures.’ A single thigh pressure was deter- 
mined with a wide cuff; separate high-thigh and low-thigh pressure 
measurements with narrow cuffs were not performed. For each 
limb, the following factors were calculated: (1) ankle-brachial 
pressure index (ABPI); (2) thigh-brachial pressure index; (3) index 
distal runoff, calculated as (thigh pressure- ankle pressure)/ 
brachial pressure; (4) popliteal collateral gradient index (PCGI), 
calculated as (thigh pressure — ankle pressure)/brachial pressure; 
and (5) tibial gradient index, calculated as (calf pressure — ankle 
pressure)/brachial pressure. 
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Fig 1.—Schematic drawing of the different types of deep femoral 
artery (DFA) reconstruction. Top, Classic profundaplasty using, as 
patch, segment of autologous vein (34 cases) or synthetic material 
(two cases). Center, Endarterectomy of segment of superficial 
femoral artery that is transposed as patch to DFA (33 cases)."° 
Bottom, Eversion endarterectomy of segment of superficial femoral 
artery and end-to-side anastomosis to distal DFA (18 cases).° 
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Fig 2.—Kaplan-Meier curves for calculating patency, limb salvage, 
and functional success (see text). 


Angiographic Data 


All but three patients (three limbs) underwent aortofemoral 
angiography. Angiograms were reviewed by a radiologist who was 
unaware of the functional results of the operation. 

For the aortoiliac system, three classes of obstruction were 
considered: (1) lumen diameter reduction over 50% but under 75%, 
(2) lumen diameter reduction of 7596 to 9996, and (3) occlusion. 
The above-knee and below-knee (BK) popliteal artery segments 
were considered separately as occluded, severely diseased (lumen 
diameter reduction, 50946), and patent. Similarly, the popliteal 
runoff was graded as (1) three-vessel runoff, (2) two-vessel runoff, 
(3) one-vessel runoff, and (4) no-vessel runoff. The angiographic 
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Smoking 


67 (92) 
13 (18) 
48 (66) 
15 (21) 
51 (70) 
18 (25) 


Diabetes 

Arterial hypertension 

Obesity 

Coronary artery disease by history or ECG 
History of cerebrovascular disease 


*Total group, 73 patients. ECG indicates electrocardiogram. 


Failure 
(n= 16) P 


0.21 +0.09 .003 


Success 
(n=72) 


ABPI 0.27+0.13 0.29+0.13 


TGI 0.16 0.13 0.16 — 0.11 0.17 +0.08 .827 
IDR 0.34 +0.15 0.33 +0.15 0.36 +0.16 .076 
PCGI 0.12 0.12 0.17 +0.11 0.18 +0.07 .497 


TBPI 0.61 +0.14 0.62 0.15 0.58 +0.13 363 


*ABPI indicates ankle-brachial pressure index; TGI, tibial gradient index; 
IDR, index distal runoff; PCGI, popliteal collateral gradient index; and TBPI, 
thigh-brachial pressure index. Values are mean+ SD. 


patterns of femoropopliteal collaterals were graded as good, fair, 
or poor. 

Follow-up, complete for all but six patients (eight limbs), ranged 
from three to 120 months (mean, 33 months). Anatomical failure 
of the reconstruction was determined if the femoral pulse disap- 
peared, if the vessel was angiographically demonstrated to be 
occluded, or if pseudoaneurysm and/or infection was evident. 

Aortofemoral bypass plus profundaplasty, performed for the 
relief of claudication, was considered a functional success if the 
walking distance increased and ABPI was greater by at least 0.15 
than before surgery. When operative indication was limb salvage, 
functional success was determined if rest pain disappeared and/or 
necrotic lesions healed with or without minor amputation. If, 
despite the patency of the reconstructions, a distal bypass or a 
major amputation was required, the reconstruction was considered 
a functional failure. 


Statistical Methods 


Kaplan-Meier curves’ were used to analyze patency and limb 
salvage rate. To identify factors that might allow prediction of the 
success of the combined procedure, the functional result at three 
months from surgery was correlated with 20 variables using 
univariate and multivariate analysis. Univariate techniques in- 
cluded Student's t test and x? test." Stepwise logistical regression 
analysis (BMDDLR, UCLA) was used to determine which vari- 
ables could be independently related to the functional outcome of 
the reconstruction. For this reason we excluded from the analysis 
patients who died in the early postoperative period, patients in 
whom the reconstruction occluded in the early postoperative 
period (considered as a technical error) and patients in whom 
data were not complete. Overall, seven patients (nine limbs) were 
excluded for one or more of the reasons stated above. 


Operative Techniques 


Three different techniques of DFA reconstruction have been 
performed (Fig 1). When the SFA was patent from at least 20 to 
25 em from its origin, open endarterectomy of the DFA and closure 
of the arteriotomy using as a patch a segment of the saphenous 
vein was preferred (34 cases).* In case of occlusion of the SFA at 
its origin, after DFA endarterectomy, a segment of the endarter- 
ectomized SFA was used as a patch (33 cases)? In 18 highly 
selected cases, a segment of the endarterectomized SFA was 
sutured end-to-side to the distal DFA.’ Synthetic material was 
used as a patch in only two cases. 
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Fig 3.—Preoperative ankle-brachial pressure index (ABPI) in functional failure and successes. Left, 
Only patients with synchronous aortofemoral bypass and extended deep femoral artery (DFA) 
reconstruction are included. Right, Only patients with thrombectomy of occluded previously placed 
aortofemoral graft and extended DFA reconstruction are included. 


Table 3.—Angiographic Status of Popliteal Artery 


Failure 
(n= 16) 


Popliteal Artery (n=62) 


Below-knee 
Patent 


Diseased 





*P=.159. 
tP=.007. 


RESULTS 
Early Complications 


In-hospital mortality was 3.9% (three patients). One 
patient died of myocardial infarction following above-knee 
amputation after occlusion of the aortofemoral graft. Cer- 
ebrovascular accident and myocardial infarction were the 
causes of death, respectively, in the remaining two patients. 
In four other reconstructions, occlusion occurred within 30 
days of the operation. Subsequently, one patient underwent 
major amputation, and in two a femoropopliteal bypass 
was inserted, with long-term success. Wound complications 
occurred in 12 limbs (13.6%; seven superficial necrosis, five 
lymphocele). 


Patency and Limb Salvage 


Overall five-year actuarial patency was 62.2% (Fig 2). 
The five-year functional success rate was 48.9%; five-year 
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Table 4.—Variables Evaluated as Potential Predictors of the 
Functional Success of the Reconstruction* 















Variable 

Age : 
Sex .524 
History of arterial hypertension .513 
Diabetes 311 
Operative indication .005 
Previous femoropopliteal bypass .389 
Previous DFA reconstruction .098 
Type of DFA reconstruction .108 
Length of DFA reconstruction .934 
Angiographic status, AK popliteal artery .159 
Angiographic status, BK popliteal artery .007 
Inflow disease .098 
Femoropopliteal collateralization 423 
Tibial vessels patent 05 
DFA reconstruction synchronous with aortofemoral 

bypass grafting 
ABPI 







TBP! i 
IDR .076 
PCGI 497 
TGI 







*DFA indicates deep femoral artery; AK, above-knee; BK, below-knee; 
ABPI, ankle-brachial pressure index; TBPI, thigh-brachial pressure index; 
IDR, index distal runoff; PCGI, popliteal collateral gradient index; and TGI, 
tibial gradient index. 


limb salvage was 60.2%, including reoperation or femoro- 
distal bypass performed to increase distal perfusion. 
Functional Success 


In 16 (20.5%) of the 78 limbs available for analysis, a 
functional failure resulted. In two cases, a major amputa- 


Reconstruction—Sterpetti etal 1271 


Patent 


Below-Knee Popliteal Artery 
g 
o 
(D 
£e 
[6] 
(D 


Occluded 





Functional Success 


Functional Failure 


(n= 10) (n — 35) 


Patent 


Severe 
Disease 


Below-Knee Popliteal Artery 


Occluded 





Functional Success 
(n — 27) 


Functional Failure 
(n — 6) 


Fig 4.—Angiographic status of below-knee popliteal artery segment. Left, Only patients with synchro- 
nous aortofemoral bypass and extended deep femoral artery (DFA) reconstruction are included. Right, 
Only patients with thrombectomy of occluded previously placed aortofemoral graft and with extended 


DFA reconstruction are included. 


tion was required. In the remaining 14, a femorodistal 
bypass was inserted, with two resultant failures and 12 
long-term successes. 

The results of univariate techniques indicated that four 
of the 20 variables tested were predictive of outcome. 
Suecessful outcome was significantly associated with clau- 
dication, patency of the BK popliteal artery, number of 
patent tibial vessels, and level of preoperative ABPI 
(Tables 2 through 4). In patients with advanced gangrene, 
a functional improvement was obtained in seven of the 13 
reconstructions. The importance of the degree of ischemia 
was confirmed by the correlation between ABPI and 
functional outcome (Table 2). A valid threshold was not 
found (Fig 3). Only two of the 16 failures had a preoperative 
ABPI of 0.3 or higher, whereas the reconstruction was 
successful in 26 cases with an ABPI of 0.3 or less. 

The angiographic status of the BK popliteal artery and 
of its branches proved to be a helpful prognostic indicator 
(Table 3, Fig 4). In only two of 37 cases in which the BK 
popliteal artery was patent was there a functional failure. 
Likewise, 14 of the 21 cases in which the BK popliteal 
artery was angiographically occluded achieved functional 
improvement. 

By stepwise logistical analysis, a regression model was 
generated to predict the result of the reconstruction. It 
proved to be statistically significant (P = .019): — 2.03 + 1.64 
X,,—0.76 X,,-1.90 X4,4—1.77 X,.+16.0 X,+1.51 Xp, 
where A is the status of the above-knee popliteal artery; 
B, that of the BK popliteal segment; C, the value of ABPI; 
and D, operations performed simultaneously. Of the vari- 
ables found statistically significant by univariate tech- 
niques, only ABPI and the status of the BK popliteal 
segment proved to be independently related to the out- 
come. Speaking in practical terms, only one patient with a 
patent BK popliteal artery and an ABPI of 0.30 or higher 
had a functional failure. As shown by the model, the 
independent variables lost some of their importance in 
case of reoperation for occluded aortofemoral graft: five 
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patients with occluded BK popliteal artery and an ABPI 
of 0.30 or less achieved functional improvement; all were 
operated on for occluded aortofemoral graft. 


COMMENT 


Combined aortoiliac and femoropopliteal disease is the 
most common pattern of occlusive disease. Brewster et al! 
found multilevel disease in 49% of the patients undergoing 
aortofemoral bypass grafting. Martinez and collaborators? 
reported a 66% incidence in their series. 

In occlusion of the SFA, the DFA forms an effective 
collateral bed between the ileofemoral segment and the 
popliteal artery and its branches. It has already been 
shown that if a normal pressure and flow are restored to 
the DFA, it is possible to obtain relief of the ischemic 
symptoms in up to 70% of the patients." The DFA system 
has a high resistance to flow, and rarely does its revascu- 
larization accomplish return to normal distal perfusion. 123 
In case of severe atherosclerotic involvement of the DFA, 
resistance to flow will further increase, and one could 
question the hemodynamic validity of this system as a 
method for distal perfusion. The results of our series 
clearly demonstrate that the DFA system, even if exten- 
sively diseased, may still represent a successful way of 
revascularizing the lower leg. We therefore believe that in 
cases of proximal reconstruction, severe disease of the 
DFA is not an indication per se to add a femorodistal 
bypass. 

Historically, there have been several reasons for vascular 
surgeons avoiding simultaneous aortofemoral and femoro- 
popliteal repair, and many of them are still valid, such as 
longer operative time and the added possibility of technical 
errors. It was also apparent from this series that distal 
bypasses performed at a later date in the case of functional 
failure were associated neither with an increased compli- 
cation rate nor with a higher occlusion rate. 

Another desirable objective is to establish criteria that 
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can predict in which of these high-risk situations a syn- 
chronous distal bypass is required. It is logical to assume 
that an unsatisfactory result reflects an improper evalua- 
tion of the relative importance of proximal or distal occlu- 
sive disease. Direct femoral pressure measurement has 
been shown to be a valid method of assessing the hemo- 
dynamic significance of a proximal stenosis. One could 
speculate that if the femoral pressure is normal, even in 
the presence of an “anatomical” lesion of the aortoiliac 
system, a distal bypass is needed, irrespective of the 
proximal lesion being corrected or not.''h5 In combined 
aortofemoral disease with severe involvement of the DFA, 
we can assume that common femoral artery pressure 
measurement cannot predict per se the final result of DFA 
reconstruction. In that situation, the main concern is the 
resistance to flow offered by the distal bed. A reliable 
indieator of the amount of resistance of any vascular bed is 
the pressure decrease that occurs across the vessels them- 
selves. Boren et al" demonstrated that PCGI was an 
important prognostic indicator in cases of isolated profun- 
daplasty. A PCGI over 0.50 was never associated with 
functional success. They found that segmental pressure 
indexes were less valuable in cases of profundaplasty 
performed with an inflow operation. Our results substan- 
tiate their experience. Assessment of distal resistance by 
pressure decrease is of little value in case of combined 
aortofemoral and extended DFA reconstruction. 

Recently, a wide variety of noninvasive tests and indexes 
have been proposed to assess distal resistance and there- 
fore to aid in predicting outcome in patients with multilevel 
disease. !?!8+2 Generally, these studies have been confined 
to patients without severe involvement of the DFA. 

Intraoperative determination of functional outcome 
based on clinical judgment such as foot color and warmth 
are of poor reliability. Brewster et al' proposed intraoper- 
ative pulse volume recording, and Garrett and 
collaborators” suggested intraoperative ABPI recordings. 
We have no experience with such measurements, but if 
these methods are able to determine which patient does 
not require further distal bypass, they should be inaccurate 
in predicting which patient needs it. This partially reflects 
the fact that collateral channels, such as the branches of 


the DFA, can dilatate only gradually to increased inflow. 
In our series, the preoperative level of ABPI significantly 
correlated with the successful outcome of the reconstruc- 
tion, although no valid threshold was found, and this is in 
agreement with other reports.*”° Patency of the BK pop- 
liteal artery was found to be a favorable indicator, although 


in the presence of popliteal occlusion, functional success — 


was obtained in 67% of the cases. Though it is possible to 


anticipate improvement following combined aortofemoral _ 
and extended DFA reconstruction, the important question . 


of when a distal bypass is an absolute requirement remains 
unsolved. For the present, it remains that no single factor - 
will reliably indicate which patients will definitely require 


distal grafting, and a decision to proceed with synchronous . | 


distal operation basically remains one of clinical judgment. 
In case of reoperation for occluded aortofemoral graft, 
the prognostic significance of the level of preoperative 
ABPI and the status of the popliteal artery decreased 
considerably. In these conditions it is difficult to determine - 


angiographically the real status of the distal flow by the Saf 


usual angiographic technique. Similarly, the value of ABPI - 


merely reflects acute ischemia and does not provide an - £ 


indirect index of collateral flow as in the case of chronic 
ischemia. 

We believe that in patients with poorly developed DFA 
collateral flow, in patients with severe ischemia (gangrene 
and/or an ABPI under 0.30), and in patients in whom an 
angiographically occluded or severely diseased BK poplit- 
eal artery is demonstrated, adding a synchronous femoro- 
distal bypass is essential. In the case of reoperation for 
acute occlusion, these factors are less valuable, and the 
decision must be based on careful clinical judgment while 
realizing that with adequate inflow the occlusion most 
likely occurred as a result of inadequate outflow. We believe 
that from our clinical and laboratory evaluation we have 
demonstrated extended profundaplasty as another adjunc- 
tive procedure available to the vascular surgeon by which 
aortofemoral outflow may be improved with the added 
benefit of improved distal limb perfusion. 


We are indebted to S. C. Cheng, PhD, Department of Mathematics, 
Creighton University, Omaha, for the statistical analysis, and to JoAnn 
Bauer for the clerical support in preparing this publication. 
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Nitrogen Balance in Adult Hospitalized 
Patients With the Use of a 
Pediatrie Amino Acid Model 


Alan B. Gazzaniga, MD; Kenneth Waxman, MD; Audrey T. Day, MA; Ronald R. Bradford, RPh; 


Jon A. Vanderhoof, MD; Brack Bivins, MD; Ezra Steiger, MD 


e Normalization of plasma amino acid patterns and that 
relationship to improved nitrogen balance was studied using 
a pediatric-specific amino acid solution in 21 adults requiring 
total parenteral nutrition therapy. There was a significantly 
positive correlation between improved nitrogen balance and 
the amino acids cystine, tyrosine, total cysteine/cystine, and 
ornithine. When additional cysteine was added to the solution 
of 11 subjects, taurine also correlated with nitrogen balance. 
Despite higher amounts of histidine in solution, plasma amino 
acid levels were not normalized. These amino acids, heretofore 
considered nonessential, may be required in specific molar 
ratios in stress. The use of a 30% branched-chain pediatric- 
balanced amino acid solution resulted in near normalization 
of plasma amino acid levels and group mean positive nitrogen 
balance. 

(Arch Surg 1988;123:1275-1279) 


mino acid levels determined to be normal in orally fed 
adult subjects and the amino acid composition of high 
biological protein (eg, egg) have served as basic guidelines 
for formulation of amino acid solutions. Most of the com- 
mercially available standard solutions are based on amino 
acid profiles that are similar to egg protein. Whether these 
profiles represent the most beneficial formulation for 
intravenous nutrition has not been fully determined. It is 
conceivable that the amino acid patterns in current solu- 
tions need to be altered to achieve a more optimal nitrogen 
balance. Additionally certain amino acids may be more 
important than realized, and specific molar ratios may not 
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be adequate in the currently available products. An exam- 
ple of an amino acid solution based on actual measurement 
of plasma amino acid concentrations is TrophAmine 6% 
(Kendall MeGaw Laboratories, Irvine, Calif). This solution 
was specifically developed to normalize plasma amino acid 
concentrations and improve nitrogen balance in neonatal 
patients. The purpose of this study was to obtain data on 
the plasma amino acid patterns and nitrogen balance 
resulting from the administration of the pediatric solution 
to hospitalized adults with a variety of diagnosed conditions 
requiring total parenteral nutrition. Cysteine has been 
shown to be essential in neonates and, although it has not 
been considered as such in the adult, it may be so in the 
stressed patient. It was postulated that the need for specific 
molar ratios of certain amino acids in adults for restoration 
of lean muscle mass may resemble that in the infant for 
growth and development. 


SUBJECTS AND METHODS 


A nonblinded, four-center study of the clinical, nutritional, and 
biochemical effects of intravenous administration of TrophAmine, 
with and without additional cysteine, was conducted in adult 
patients receiving total parenteral nutrition. The protocol was 
approved by the Institutional Review Board at each center, and 
informed consent was obtained from all patients entered into the 
study. Patients receiving TrophAmine, with or without L-cysteine, 
for six or more days and providing two or more samples for plasma 
amino acid analysis were considered to have completed the study. 
Eligible candidates for this study were stable adult male or female 
patients 18 years of age or older at study entry with a variety of 
diagnosed conditions requiring total parenteral nutrition. Patients 
with major surgical complications, non-insulin-dependent diabe- 
tes, solid tumor, and sepsis were included. Patients excluded from 
the study were those with insulin-dependent diabetes, metastatic 
cancer, high-output fistula drainage, or renal failure or those 
needing repeated administration of medication (eg, corticoste- 
roids) known to significantly affect amino acid metabolism. The 
protocol dose of substrates was 1.5 g/kg/d of amino acids 
(TrophAmine) by central venous infusion. Nonprotein energy 
intake was specified to be between 126 and 168 kJ/kg/d and 
consisted primarily of hypertonic glucose. Intralipid 10% 
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Value, g/1000 mL 










TrophAmine FreAmine FreAmine HBC 
Amino Acid 6% II! 8.5% 6.9% 


L-Isoleucine 4.92 5.9 7.6 























L-Leucine 8.40 7.7 13.7 
L-Valine 4.66 5.6 8.8 
L-Lysine 4.92 6.2 4.12 
L-Methionine 2.04 4.5 2.46 
L-Phenylalanine 2.88 4.8 3.2 
L-Threonine 2.52 3.4 3.2 
L-Tryptophan 1.20 1.3 0.9 
L-Histidine 2.88 2.4 1.6 
Taurine 0.15 0 0 
N-acetyl-L-tyrosine 1.44 0 0 
L-Cysteine* 0.14 0.20 0.14 
L-Alanine 3.24 6.0 4.0 
Glycine 2.16 11.9 3.3 
L-Arginine 7.32 8.1 5.8 
L-Aspartic acid 1.92 0 0 
L-Glutamic acid 3.00 0 0 
L-Proline 4.08 9.5 6.3 
L-Serine 2.28 5.0 3.7 
Total, g 9.4 13.0 11.0 
% essential amino acids 60 48 64 

% branched-chain 





amino acids 






*Plus 0.05 mmol/L/kg. 


(KabiVitrum Inc, Alameda, Calif) was administered twice weekly 
for prevention of essential fatty acid deficiency. Oral intake was 
limited by protocol to a maximum of 15% of the total intravenous 
nonprotein energy intake. The predicted energy expenditure in 
these patients was calculated using the Harris-Benedict equation 
for comparison with the prescribed dose of substrates. 

The TrophAmine formulation differs from standard and disease- 
specific solutions as shown in Table 1. In those patients who 
received the cysteine supplement, a dose of 0.5 mmol/kg/d of 
lysine-cysteine-hydrogen-hydrochloride was added to the 
TrophAmine. This solution has a concentration of 30% branched- 
chain amino acids, is high in histidine and tyrosine, and includes 
glutamic and aspartic acids as well as taurine. The soluble form of 
tyrosine, N-acetyl-L-tyrosine (NAT), is present in several amino 
acid solutions in Europe and was included in TrophAmine. Levels 
of methionine and glycine and the aromatic amino acid phenylala- 
nine are lower than in standard amino acid solutions. Electrolytes 
were added to the total parenteral nutrition solution on the basis 
of individual requirements, and 10 mL of multiple vitamins and 
1 mL of trace mineral preparation were given each day. 

Plasma amino acid concentrations were determined prior to 
TrophAmine infusion and every third study day thereafter. Post- 
study plasma amino acid samples were randomly assigned for 
collection at 6, 12, 18, or 24 hours after cessation of TrophAmine 
therapy. All samples were collected prior to 8 am, delivered to the 
laboratory immediately on ice, deproteinized, centrifuged at 4?C, 
and frozen until analysis. Urine samples were collected for NAT 
and cysteine/cystine retention studies, and nitrogen balance de- 
termination on the same schedule as blood analysis. Plasma and 
urine amino acid concentrations were determined with an amino 
acid analyzer (Beckman 121 M, Beckman Instruments Inc, Fuller- 
ton, Calif) using a lithium citrate buffer system. This system 
allows quantification of taurine, an amino acid that coeludes with 
other amino acids in different methods of analysis. The NAT and 
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Value, ,.mol/dL 





Adult 
2-h Postprandial 


Range 


Pediatric 
Range* 










Amino Acid 




















Isoleucine 2.65-8.99 5.50-14.58 
Leucine 5.32-16.94 11.88-27.50 
Lysine 8.02-23.15 17.63-36.10 
Methionine 2.16-5.00 2.87-5.99 
Phenylalanine 2.17-6.98 5.76-9.24 
Threonine 6.98-19.71 9.30-30.23 
Tryptophan 1.94-10.00 5.69-10.00 
Valine 8.84-22.19 18.70-44.46 
Total cysteine/cystine 9.92-20.76 13.65-25.14 
Histidine 3.36-11.87 8.15-11.96 
Tyrosine equivalents 

(NAT + tyrosine)t 3.83-11.94 5.23-13.38 
Alanine 12.46-64.72 28.31-62.48 
Arginine 4.23-14.82 6.19-17.83 
Ornithine 0.00-15.72 3.53-10.21 
Proline 8.25-31.93 16.11-46.31 
Serine 0.00-32.56 7.61-22.03 
Glycine 7.66-37.63 9.87-40.97 
Aspartic acid 0.46-5.06 0.45-1.28 
Asparagine 1.58-8.07 5.02-11.67 
Glutamic acid 2.43-24.31 0.09-6.74 
Glutamine 14.23-85.05 31.21-82.84 
Taurine 0.11-16.66 3.55-6.09 





*Two-hour postprandial range of Wu et al.5 
TNAT indicates N-acetyl-L-tyrosine. 


total tryptophan concentrations were obtained using high-pres- 
sure liquid chromatography after protein precipitation with ace- 
tonitrile.! Plasma total cysteine/cystine level was measured by a 
modification? of the method of Gaitonde.? Twenty-four-hour urine 
samples were collected in a clean bottle containing 2 mL of 6N 
sulfuric acid for acidification. At the completion of the urine 
collection, the study monitor measured the amount of actual urine 
in the container and compared it with the recorded output to 
ensure accurate volumes for calculation. A 50-mL aliquot of 
acidified urine was placed in a plastic container and frozen until 
analysis. Total urinary nitrogen level was determined using chem- 
iluminescence (Antek Instruments, Houston) This method has 
been shown to be as accurate as the time-consuming and costly 
Kjeldahl method of nitrogen analysis.‘ 

Data from patients were pooled and analyzed. Mean ( SEM) 
of the plasma amino acid data was calculated for comparison with 
the two-hour postprandial pediatric ranges as reported by Wu et 
alë and adult two-hour postprandial ranges (Table 2). The latter 
range was derived from the results in normal volunteers from 
plasma drawn two hours following a 40-g enteral protein meal and 
is taken as a reflection of the "fed state" in normal adults. An 
analysis of the absolute change in nitrogen balance from baseline 
(time period minus the baseline) vs percent change of each plasma 
amino acid concentration was performed. Additional laboratory 
studies determined hemoglobin, hematocrit, serum urea nitrogen, 
glucose, alanine aminotransferase, aspartate aminotransferase, 
total protein, albumin, alkaline phosphatase, bilirubin, and serum 
electrolyte levels, as well as white blood cell and platelet counts. 
These samples were drawn at baseline and during the study as 
clinically necessary in accordance with each hospitals standard 
total parenteral nutrition monitoring protocol to coincide with 
plasma aminogram and urine collections. Two-tailed Student's 
t tests were applied to evaluate statistical significance of differ- 
ences within and between groups. 


Nitrogen Balance—Gazzaniga et al 


Table 3.—Cysteine-Supplemented Group (n= 11) 







Weight, Study Nitrogen 
Case/Sex/Age, y kg Diagnosis Days, No. Balance 
1/M/39 79.2 Exploratory laparotomy following gastric resection for carcinoma 10 +2.08 
2/M/48 84.6 Exploratory laparotomy; gastric outlet obstruction secondary to duodenal 13 +2.95 
ulcer disease 






Gunshot wound R lobe liver; R hepatic lobectomy; postoperative 





peritonitis and intra-abdominal abscesses 
4/F/68 46.0 Pyloric obstruction; esophageal erosions +0.61 
5/M/54 91.5 L pleural effusion; alcoholic pancreatitis 5.80 


Perforated invasive colon adenocarcinoma; exploratory laparatomy; low 
anterior resection with descending colostomy 








7/M/56 66.1 Crohn's disease; cerebral palsy; cerebrovascular accident secondary to 8 4 6.37 
air embolus 
8/F/60 41.0 Pneumoperitoneum secondary to fecal impaction 0.83 





Acute pancreatitis; exploratory laparotomy; placement gastrostomy; 
jejunostomy; exploration pancreatic bed; and omental biopsy 






Rectal adenocarcinoma; small-bowel obstruction secondary to adhesions; 
parastomal hernia 


11/M/27 77.6 Acute alcoholic pancreatitis 17 +5.00 









Table 4.—Group With No Cysteine Supplementation (n = 10) 
Weight, Study Nitrogen 
Case/Sex/Age, y kg Diagnosis Es No. Balance 
1/M/57 83.5 Exploratory laparotomy; small-bowel resection 0.35 






Exploratory laparotomy for multiple stab wounds with closure diaphragm, 





splenectomy, distal pancreatectomy, colostomy; postoperative 
subphrenic abscess 


3/M/22 65.0 Stricture of distal esophagus and coloduodenal fistula postoperatively 13 5.58 


4/F/63 Exploratory laparotomy; constricting sigmoid lesion with ileocecal 
perforation and peritonitis; partial colectomy, transverse colostomy 


Trauma with fractures inferior pubic rami, distal L femur; exploratory 
laparotomy for mesenteric tear; postoperative pancreatitis 


Traumatic stab wounds; exploratory laparotomy; 17 enterostomies, 2 
gastrostomies, lacerated mesenteric vein, drainage pancreatic bed; 
reexplored; jejunal bleed, small-bowel resection 


7/F/27 : Exploratory laparotomy for malrotation small bowel; small-bowel 
resection; postoperative peritonitis and abscesses 


8/M/19 64.5 Pancreatic pseudocyst 5 mo after motor vehicle trauma + 2.00 
9/F/50 70.0 Takedown ileal jejunal bypass; gastrostomy and lysis of adhesions — 0.73 


10/M/51 Quadraparesis; occipital artery anterior intracranial arterial bypass, with 
postoperative cerebrospinal fluid leak. 




























RESULTS 


Twenty-one patients completed the study protocol, and 
demographic data for each patient are shown in Tables 3 
and 4. A summary of the data is shown in Table 5. Of the 
21 patients who completed the study, 11 received cysteine 
(group 1) and ten did not (group 2). Mean nutrient intake 
data are listed in Table 6. Mean dosage of amino acids was s y (mean) 26-74 wm 19-63 ridi 
1.45 - ee an Pang vro atte Initial weight, kg 73.1 64.9 
were 144.5 an : g .4 and 34.7 kcal/kg/d) in ' 
groups 1 and 2, respectively (Table 6). Mean enteral ed d. TS 
nitrogen intake was 0.01 g/d and, although insignificant, No. of study days (range) 11.4+4.6 (6-21) 14.5+6.4 (7-21) 
was included in balance calculations. 

There was a total of 33 plasma amino acid samples onine level was below and phenylalanine level was above 
collected and analyzed during TrophAmine infusion in the adult two-hour postprandial range in group 2. Phenyl- 
group 1 and 40 in group 2. Results were compared with the alanine level was above the pediatric range for both groups 
pediatric target range of Wu et al» and the two-hour 1 and 2. Valine level was beyond the pediatric range, while 
postprandial adult range (Table 2). Amino acids deviating ^ glutamic acid level was above the adult range in group 1. 
outside the respective ranges are shown in Table 7. In both Cysteine/cystine balances were positive in both groups. As 
study groups, alanine, histidine, and asparagine levels ^ expected, group 1 had a greater balance (+36.48 mmol/d) 
were below the adult two-hour postprandial range. Methi- ^ than group 2 (+ 1.66 mmol/d). Mean tyrosine (NAT plus tyro- 


Table 5.— Demographics (n — 21) 
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Table 6.— Balance Studies (n = 21)* 


Between- 
Group 
No Cysteine Difference 


1.45 +0.02 1.44 +0.02 NS 
16.26+0.67 15.29+0.43 NS 
+3.21+0.70 +1.75+0.70 NS 
18.97+4.60 11.14+4.50 NS 


Cysteine 
Amino acids, g/kg/d 
Nitrogen, g/d 
Nitrogen balance, g 
Nitrogen retention, g 


Nonprotein energy, 
kJ/kg/d 


144.73+2.69 145.74+2.10 NS 


Predicted, 
kJ/kg/d 


*NS indicates not significant. 


181+8 185+13 NS 


sine) balances were positive in both groups (+6.79 mmol/d 
in group 1 and +6.41 mmol/d in group 2), representing 
retention of over 70% of the infused dose. Poststudy plasma 
samples taken after TrophAmine infusion was stopped 
showed NAT concentrations decreased to zero within 24 
hours in nearly all patients, indicating utilization of NAT 
as a source of tyrosine. 

Nitrogen balance results showed that TrophAmine was 
equally effective in both groups, producing mean positive 
nitrogen balances of 3.21 and 1.75 g/d in groups 1 and 2, 
respectively (P = .07). 

The analysis of the absolute change in nitrogen balance 
from baseline (time period minus the baseline) vs percent 
change of each plasma amino acid concentration showed a 
significant positive correlation (P<.01) between taurine 
increase and improved nitrogen balance in the group 
receiving cysteine supplementation (group 1) (Figure). In 
both groups, NAT level (P<.0005), total cysteine/cystine 
balance (P<.01), and cystine level (P<.0005) were posi- 
tively eorrelated with nitrogen balance. Ornithine level 
(P«.005) in group 2 showed the same relationship. No 
amino acid currently considered essential displayed such a 
relationship. 


COMMENT 


The nitrogen source for intravenous nutrition solutions 
is generally crystalline amino acid (CAA). Prior to the 
introduction of CAA, the source of intravenous nitrogen 
was protein hydrolysates. These solutions required break- 
down of polypeptides in the liver prior to utilization for 
protein synthesis. The peptides were incompletely hydro- 
lyzed, resulting in a high incidence of elevated levels of 
blood ammonia and serum urea nitrogen, as well as poor 
utilization of nitrogen. Protein hydrolysates have largely 
been replaced by CAA solutions, which have amino acid 
profiles similar to high-biological-value proteins, such as 
egg albumin. The CAA standard solutions currently avail- 
able have amino acid profiles that were derived empirically 
and not by any prospective intravenous studies designed 
to determine the best molar concentrations. This is unlike 
the hepatic solution that was tailored to normalize plasma 
aminograms in patients with hepatic failure.* Similar lab- 
oratory and investigative studies were used to develop 
high branched-chain amino acid solutions that were for- 
mulated to normalize plasma aminograms in patients with 
stress or sepsis or both.’ 

Commercially available CAA solutions provide a biolog- 
ical, utilizable substrate for protein synthesis with a 
combination of essential and nonessential amino acids. 
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Table 7.—Plasma Amino Acid Deviations From Normal Range 
M —————————À 


Values, ,.mol/dL* 






Adult 2-h 
No Pediatric — Postprandial 
Amino Acid Cysteine Cysteine NRt NR 










Histadine 5.89 (-) 6.17 (—)  3.36-11.87 8.15-11.96 
Alanine 24.75 (—) 26.45 (—) 12.46-64.72 28.31-62.48 
Methionine NR 2.67 (—)  2.16-5.00 2.87-5.99 





Asparagine 2.43 (-) 1.79 (-)  1.58-8.07 5.02-11.67 

































Phenylalanine 7.71 (+) 8.44 (4)  2.17-6.98 5.76-7.71 
Valine 22.76 (+) NR 8.84-22.19 18.70-44.46 
Glutamic acid — 11.00 (+) NR 2.43-24.31 0.09-6.74 





*Plus sign indicates above range; minus sign, below range; NR, normal 
range. 
TFrom Wu et al.5 


Taurine, pmol 
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Nitrogen Balance 


25.00 
21.00 


Percent change in taurine plasma amino acid levels vs nitrogen 
balance (P<.01). 


These solutions contain all of the essential amino acids, 
and deficiencies in traditionally “nonessential” amino acids 
can presumably be synthesized from precursors. However, 
in the ill patient this may not be the case, and some 
nonessential amino acids may become essential or may not 
be produced in adequate amounts or at a satisfactory rate 
to meet need. 

This study was designed to see if the stressed adult 
patient would benefit from an amino acid solution that has 
been shown to be efficacious in the growing infant. 
TrophAmine was developed using multiple-regression 
equations applied to plasma amino acid concentrations as 
a function of intravenous amino acid intake compared with 
normal breast-fed infants.» The results suggest that the 
gut, liver, and other regulatory mechanisms serve to 
provide postprandial plasma amino acid concentrations 
characterized by a set of uniform predictable properties. 
It was postulated that these properties are of biological 
significance in that they are represented by plasma amino 
acid concentrations ideal for producing normal protein 
synthesis. The intracellular amino acid pool appears to be 
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the precursor pool for protein synthesis. Consequently, the 
efficacy of any amino acid intake may in part depend on 
the intracellular concentration. If one assumes that the 
intracellular pool is coupled to the plasma amino acid pool, 
it follows that the normal postprandial concentration of 
plasma amino acids may represent an ideal pattern for 
promoting optimal protein synthesis. A recent study com- 
paring a pediatric vs a standard CAA formulation in 
neonates was reported.: This study showed that Troph- 
Amine, when compared with FreAmine III, resulted in 
improved nitrogen balance and normalized plasma amino 
acid concentrations in neonates requiring total parenteral 
nutrition. 

The major amino acid deficiency of interest in this study 
was histidine. Histidine level was below the adult two-hour 
postprandial range in both those receiving cysteine and 
those who did not. Histidine has been shown to be an 
essential amino acid in neonates,’ and there is some 
evidence to support that it is in adults also.'^ However, 
despite providing increased concentrations of histidine in 
the TrophAmine solution compared with standard solu- 
tions, normal adult plasma amino acid patterns were not 
achieved. 

Of additional interest was the low level of protein and 
nonprotein energy intake required to achieve positive 
nitrogen balance in this group of moderately to severely 
catabolic patients. The prescribed dose of 1.5 g/kg/d was 
not delivered in either group 1 or group 2 but did lead to 
positive nitrogen balance. In current practice, the recom- 
mended dose of protein in this population of stressed 
patients would be as high as 2.0 g/kg/d," in contrast to the 
1.45-g amino acid intake delivered in the present study. 
The total amount of nonprotein energy intake per day did 
not exceed 147 kJ/kg. We did not do indirect calorimetry 
on these patients but predicted their energy consumption 
using the Harris-Benedict equation with the estimated 
severity factor. The average predicted energy expenditure 
was approximately 189 kJ/kg/d. Therefore, both the 
amount of energy intake and protein given were below the 
expected requirement in a group of patients representing 
a diverse surgical population.” 

Taurine is not present in any of the commercially avail- 
able solutions except TrophAmine. Plasma taurine levels 
in both those receiving cysteine and those who did not 
were within normal range. Comparison of individual amino 


acid levels and nitrogen balance showed a positive corre- 
lation between taurine and nitrogen balance. The recent 
capability to quantifiably measure taurine levels has accel- 
erated an interest in the possible applications of this amino 
acid as a therapeutic agent or as a nutritional supplement. 
Although it is not an amino acid found in proteins, it is the 
second highest concentration of amino acid found in mo- 
ther’s milk. The identified functions of taurine are diverse." 
In higher vertebrates, taurine conjugates with a cholesterol 
derivative to form bile acids. Also, taurine has been found 
to represent over 50% of the free amino acid pool of the 
heart.'* This high cardiac concentration suggests a crucial 
role for taurine in cardiac function. It has been found to 
influence heart muscle contraction and combat arrhyth- 
mias associated with losses of potassium. There is a need 
for further research on this amino acid and its future role 
in nutrition therapy in adults. 

N-acetyl-L-tyrosine is a soluble derivative of tyrosine 
present in several amino acid solutions available in Europe. 
Low plasma levels of tyrosine have been observed using 
solutions containing limited quantities of tyrosine. A need 
for a more highly soluble form of tyrosine has been 
demonstrated since tyrosine has limited water solubility. 5 
N-acetyl-L-tyrosine serves as a tyrosine precursor, and it 
was expected to normalize plasma tyrosine levels. Normal- 
ization occurred in both the cysteine-supplemented and 
non-cysteine-supplemented groups receiving the Troph- 
Amine solution. In our studies, only a small portion of the 
NAT was excreted in urine. This is further evidence that 
NAT was hydrolyzed to tyrosine in the body. 

This study was attempted to see if an amino acid solution, 
formulated for neonates, was efficacious and potentially 
beneficial in adults with multiple diagnosed conditions 
characteristic of a general hospital population. Addition- 
ally this study was conducted comparing cysteine vs 
noncysteine to determine if additional cysteine was nec- 
essary in adults. Unfortunately, these patients were not 
compared with a third group of patients receiving standard 
CAA solutions. Regardless, the TrophAmine solution had 
no adverse effects on the measures evaluated, produced 
positive nitrogen balance in moderately to severely cata- 
bolie patients at intakes below predicted requirements, 
and points out that further studies are needed to better 
define the role of “nonessential” amino acids in nutritional 
therapy. 
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`. Membrane-Bound Anti-CD3 Monoclonal 
Antibodies Trigger Cytolytie 


T-lymphocyte—Mediated Tumor Lysis 


Steven J. Mentzer, MD; Richard E. Wilson, MD; Steven J. Burakoff, MD; Steven H. Herrmann, PhD 


e Cytolytic T lymphocytes (CTLs) are an efficient immune 
mechanism for the destruction of foreign or pathogenic cells. 
Attempts to use CTLs in human cancer therapy have focused 
on the cell-surface molecules that regulate CTL function. An 
important molecule in CTL function is the CD3 antigen. 
Biochemical characterization has suggested that the CD3 
antigen may function as a ''trigger" for T-lymphocyte activa- 
tion. To investigate this possibility, we used monoclonal 
antibody (MAb) to the CD3 antigen to trigger activation of 
long-term CTL lines. The anti-CD3 MAb was able to trigger 
killing of a variety of human and mouse tumor cell lines; 
however, not all tumor cells were lysed by the CTL. The 
susceptibility of the tumor cells to CTL-mediated lysis ap- 
peared to correlate with the binding of the anti-CD3 MAb to 
the tumor cell surface. The requirement for surface binding 
of the MAb was tested by covalently cross-linking the anti- 
CD3 MAb to the tumor cell membrane. Membrane-bound anti- 
CD3 MAb triggered high levels of CTL-mediated tumor cell 
killing. Similar results were obtained when anti-CD3 MAb was 
cross-linked to phosphatidylethanolamine and inserted into 
the cell membrane. These results indicate that the attachment 
of anti-CD3 MAb to the tumor cell surface provides a powerful 
new approach to the in vitro activation of human killer T cells 
and the in vivo treatment of human cancer. 

(Arch Surg 1988;123:1280-1285) 


ytolytie T lymphocytes (CTLs) are a dominant effector 
mechanism for host defense against foreign and path- 
ogenie cells. The CTLs have been implicated in the destruc- 
tion of virally infected cells, a varie.y of organ allografts, 
and some autologous tumor cells.'? The lysis of these 
target cells appears to involve several steps that can be 


= studied independently.?* Initially, intimate cell-cell contact 


permits antigen recognition by CTL surface receptors.** 
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The binding of antigen triggers biochemical pathways that 
lead to activation of the CTL and delivery of the so-called 
lethal hit.^* The lethal hit appears to involve the exocytosis 
of perforins or cytolysins capable of lysing the target cell 
membrane.? Once the lytie mechanism has been dis- 
charged, the CTL can detach from the target cell and 
recycle for repeated lytic interactions. Although the ability 
of CTLs to destroy tumor cells has exciting potential for 
cancer therapy, the molecular requirements for triggering 
CTL-mediated lysis are unclear. 

Attempts to identify the molecules that trigger CTL- 
mediated killing have focused on cell-surface structures 
associated with T-cell function. A cell-surface molecule 
implicated in a variety of T-cell functions, including CTL- 
mediated target cell killing, is the CD3 antigen.’ The 
CD3 antigen is expressed on all mature peripheral-blood 
T cells. Recently, the CD3 antigen has been shown to be 
part of a multisubunit molecular complex intimately asso- 
ciated with the antigen-specific receptor (ASR).'*'5 Bio- 
chemical studies have shown that the CD3 complex is 
composed of at least three subunits noncovalently associ- 
ated with the ASR.'** The intimate association of the ASR 
and the CD3 complex has suggested that the CD3 complex 
may serve as the "trigger" for CTL activation. 

In this report, we used monoclonal antibody (MAb) to 
the CD3 antigen to investigate the ability of the CD3 
complex to trigger CTL-mediated killing of human tumor 
cells. Anti-CD3 MAb stimulated killing of tumor cells only 
when the MAb was attached to the cell surface. To facilitate 
attachment of MAb to tumor cells, anti-CD3 MAb was 
covalently cross-linked to the cell membrane. Membrane- 
bound anti-CD3 MAb triggered high levels of CTL-medi- 
ated cytolysis. Similar results were obtained when anti- 
CD3 MAb was cross-linked to phosphatidylethanolamine 
and inserted into the tumor cell membrane. These results 
demonstrate that membrane-bound anti-CD3 MAb is re- 
quired for efficient CTL-mediated killing. Cross-linking 
the anti-CD3 MAb to the cell membrane provides insights 
in the regulation of CTL activation as well as providing a 
powerful new approach to antitumor therapy. 
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MATERIALS AND METHODS 
Culture Medium 


Cells were grown in culture medium consisting of RPMI 1640 
(MA Bioproducts, Bethesda, Md) supplemented with 10% heat- 
inactivated fetal calf serum (Gibco, Grand Island, NY), penicillin 
(100 U/mL) (Gibco), streptomycin (100 U/mL) (Gibco), HEPES 
(10 mmol/L) (Sigma, St Louis), and 2-mercaptoethanol 
(25 wmol/L) (Eastman Organic Chemicals, Rochester, NY). Long- 
term CTL cultures were maintained in culture medium and 10% 
conditioned medium as described. 


CTL Lines 


` Long-term CTL lines were established as previously de- 
scribed.:*!* Briefly, CTLs were isolated from a single volunteer 
donor (HLA-A11,Aw32,B27,Cw2,DR7). Peripheral-blood mono- 
nuclear cells were separated on a Ficoll-Hypaque gradient (Lym- 
phoeyte Separation Medium; Bioneties, Kensington, Md). The 
mononuclear cells, at 2 x 10//mL, were cocultured with irradiated 
JY cells at 1 x 10°/mL in 2-mL wells (Linbro, McLean, Va) at 37°C 
in a 596 carbon dioxide incubator. The bulk culture was maintained 
in 9.6-em? wells (Nunc; Vangaard, Neptune, NJ) by stimulation 
every one to two weeks with irradiated stimulator cells. 


Monoclonal Antibodies 


Monoclonal antibody-producing hybridoma cells were grown in 
BALB/c mouse ascites. The MAbs recognizing the CD3-ASR 
complex were 64.1,? UCHTI1,? and WT31.% Commercially avail- 
able MAb was also used: OKT3 (Ortho, Raritan, NJ) and Leu4 
(Becton Dickinson, Mountain View, Calif). Unless otherwise indi- 
cated, commercially available OKT3 MAb was used. 


Human Tumor Lines 


The human tumor cell lines were maintained in culture medium 
and regularly passaged. All lines were typed by the HLA Tissue- 
Typing Laboratory, Dana-Farber Cancer Institute, Boston: the 
B-lymphoblastoid cell lines JY (HLA-A2,B7,DR4,DR6) and 
MANN (HLA-A29,B12,DR7), the Burkitt lymphoma cell line 
Daudi (HLA- —,—,DR6), and the erythroleukemia cell line K562 
(HLA- —,—,—). The rhabdomyosarcoma line RD has been char- 
acterized previously.“ The mouse cell lines were the fibroblast line 
L cell (H-2*), the B lymphoma line M124.1 (H-2*), the T-cell 
hybridoma line MD26 (H-22, and the T-leukemia line RDM4 
(H-2*). 


Cell-Surface Immunofluorescence 


Cells were washed twice with phosphate-buffered saline con- 
taining 2.5% fetal calf serum and 0.02% sodium azide. Approxi- 
mately 10° cells were incubated on ice for 30 minutes with an 
excess concentration of MAb. The cells were washed twice and 
stained with fluorescein-conjugated goat F(ab)'2-anti-mouse IgG 
antibody (Tago, Burlingame, Calif) diluted 1:10. The cells were 
incubated on ice for another 30 minutes. After three washes, the 
cells were fixed in 1% paraformaldehyde and analyzed (FACS I 
analyzer; Becton Dickinson). 


Cytotoxicity Assay 


Assays of CTLs were performed in triplicate in V-bottom 
microtiter wells (Linbro). Effector cells were added in threefold 
dilutions. Target cells, preincubated with 0.1 mCi of chromium 51 
(sodium chromate Cr 51; New England Nuclear, Boston) for two 
hours and washed three times, were added at 10? cells per well. 
Microtiter plates were centrifuged and incubated at 37°C for four 
hours. After incubation, the plates were again centrifuged and the 
supernatants assayed for "Cr release. Specific cytotoxicity was 
aleulated as percentage cytotoxicity = 100[(ecpm experimental 
elease — cpm spontaneous release)/(total cpm — cpm spontaneous 
lease)], where cpm indicates counts per minute. When blocking 
bs were used, they were added at the start of the assay. 
ibition of cytotoxicity was expressed as a percentage reduction 
he specific cytotoxicity. The SD of the triplicate wells rarely 
eded 2% to 4% of the specific lysis. 
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Production of F(ab)'2 and Fab Antibodies 


F(ab)'2 and Fab fragments were made from protein A-sepha- 
rose-purified MAbs by a modification of a technique previously 
described. Papain was coupled to cyanogen bromide-activated 
sepharose 4B at 2 mg of protein per milliliter of sepharose beads. 
The sepharose-linked papain was activated with a 30-minute 
incubation at 37°C with 20-mmol/L cysteine (Sigma). The papain- 
linked sepharose beads were washed and incubated with the MAbs 
for six hours at 37?C. The MAbs were separated from the beads 
by centrifugation, and Fc and intact IgG were separated from the 
F(ab)'2 antibodies using a protein A-sepharose column. 


Cross-linking Anti-CD3 MAb to the Cell Membrane 


The bifunctional cross-linker N-succinimidyl-6(4'-azido-2'-ni- 
trophenyl-amino)hexanoate (SANPAH) (Pierce, Rockford, Ill) was 
initially cross-linked to anti-CD3 MAb via an aminoreactive 
N-hydroxy-succinimidyl-ester and then attached to the cell surface 
via the photoactivatable nitrene group. The SANPAH, at 
2.5 pmol/L, was dissolved in methylene chloride and dimethyl 
sulfoxide in total darkness. Anti-CD3 MAb in a concentration of 
1 mg/mL at a pH of 8.3 was added to the cross-linker and incubated 
at room temperature for 30 minutes. The cross-linker and MAb 
were then added to 1 x 10° tumor cells in a total volume of 200 pL. 
The cells and modified MAb were cross-linked by exposure to a 
light source emitting 300 to 460 nm for 10 s. The cells were washed 
and *'Cr labeled for cytotoxicity assays or stained with fluorescent 
goat anti-IgG antibodies for immunofluorescence analysis. 


Cross-linking of Anti-CD3 MAb to 
Phosphatidylethanolamine 


The anti-CD3 MAb was initially linked to phosphatidylethanol- 
amine using the heterobifunctional eross-linker succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB) (Pierce). This cross-linker has 
an aminoreactive N-hydroxy-succinimidyl-ester as one functional 
group and a sulfhydryl-reactive group as the other. First, the 
aminoreactive N-hydroxy-succinimidyl-ester on the SMPB eross- 
linker was reacted with phosphatidylethanolamine. In some cases, 
commercially available SMPB-phosphatidylethanolamine (Avanti 
Polar Lipids, Birmingham, Ala) was used. To provide the anti- 
CD3 MAb (1 mg/mL) with free sulfhydryl groups, the MAb was 
incubated with 10-mmol/L iminothiolane (Pierce) in buffer (pH, 9) 
with 8-mmol/L dithiotreitol for 15 minutes at 24°C. After the 
iminothiolane modification and overnight dialysis, the anti-CD3 
MAb was mixed with a tenfold molar excess of SMPB-lipid (C14:0) 
at 24°C for 60 minutes. The lipid-modified antibody was dialyzed 
against phosphate-buffered saline for six to 48 hours. 


Transfer of MAb-Lipid Into Tumor Cell Membrane 


Approximately 1 pg of lipid-modified anti-CD3 MAb was 
warmed to 37°C and sonicated for 15 s. The anti-CD3 MAb-lipid 
molecules were then added to 10° tumor cells in a total volume of 
200 uL and incubated at 37°C for ten minutes. In some experi- 
ments, 5 to 10 uL of 5-mmol/L N-octyl-B-p-glucopyranoside was 
added to the MAb-lipid complex before mixing with cells to 
facilitate fusion. The tumor cells were vigorously washed, and 
fusion of the anti-CD3 MAb-lipid was demonstrated by indirect 
immunofluorescence. 


RESULTS 
Anti-CD3 MAbs Trigger CTL-Mediated Tumor Lysis 


Monoclonal antibodies to the CD3 antigen have been 
shown to trigger T-cell proliferation." Recently, anti- 
CD3 MAbs have also been shown to trigger CTL-mediated 
cytolysis.” We have extended these observations by 
testing a variety of different MAb and tumor cell lines. A 
panel of five distinct anti-CD3 MAb was tested for the 
ability to trigger CTL-mediated cytolysis. All five anti- 
CD3 complex MAbs triggered high levels of CTL-mediated 
killing of the K562 cell line (Table 1). 

To investigate the cell lines susceptible to anti-CD3 
MAb-stimulated lysis, we screened a variety of tumor cell 
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% Lysis by 
Effector-Target 


Ratio 
MM 


Experiment 9:1 3:1 





*Tumor lysis of the K562 erythroleukemia cell line was determined in a 
standard four-hour chromium 51 release assay at 37°C. The effector cells 
were the long-term cytolytic T-lymphocyte (CTL) line MJ. MAb indicates 
monoclonal antibody; ND, not determined. 

TAII MAbs recognized the CD3-antigen-specific receptor complex. Recent 
evidence suggests that the WT31 MAb may bind to the alpha and beta 
subunits.?? The MAbs were used at 500 ng/mL. 





Cell No. 


Log Fluorescence Intensity 


Fig 2.—Flow cytometric histograms of anti-CD3 binding to tumor 
cell surface. Tumor cell lines K562 (top left), RD (top right), L cells 
(bottom left, and MD26 (bottom right) were pretreated with 
1 pg/mL of anti-CD3 MAb monoclonal antibody. After 20-minute 
incubation, cells were washed, stained with goat antimouse fluo- 
rescent antibody, and analyzed on flow cytometer (broken lines). 
Negative controls (no anti-CD3 pretreatment) are shown as solid 
lines. 


lines. The HLA-typed human tumor cell lines included the 
erythroleukemia cell line K562, the rhabdomyosarcoma 
line RD, the Burkitt's lymphoma cell line Daudi, and the 
MANN B-lymphoblastoid cell line. In addition to the 
human tumor cell lines, several mouse cell lines were used, 
including the fibroblast L cell line and the B-lymphoma 
M124. The anti-CD3 MAb (OKT3) was used at a range of 
antibody concentrations from 1 ng/mL to 1 pg/mL. Several 
cell lines were efficiently lysed by the human CTL clones 
at MAb concentrations as low as 100 ng/mL (Fig 1). Other 
cell lines, however, were not lysed at concentrations as 
high as 1 wg/mL. The inability of anti-CD3 MAb to trigger 
lysis of these cells was not due to an undefined resistance 
to CTL-mediated lysis. All cell lines were lysed by human 
CTL when triggered by the lectins phytohemagglutinin 
and concanavalin A (data not shown). 


1282 Arch Surg—Vol 123, Oct 1988 





% Target Cell Lysis 





0 0.03 0.06 0.25 0.5 1.0 


MAb Concentration, % 


Fig 1.—Titration of anti-CD3 monoclonal antibody (MAb)-stimu- 
lated tumor lysis. Six tumor cell lines were tested against human 
cytolytic T-lymphocyte line at 12:1 effector-to-target ratio in stan- 
dard chromium 51 release assay after treatment with various 
concentrations of anti-CD3 MAb. Human tumor cell lines were 
K562 (closed circles), Daudi (closed triangles) MANN (open 
triangles), and RD (open circles); murine cell lines were M124 
(open diamonds) and L cells (open squares). 
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IgG2a intact 
F(ab)'2 + Fab 
IgG2a Fc 


*Tumor lysis of the K562 erythroleukemia cell line was determined in a 
standard four-hour chromium 51 release assay at 37°C. The effector cells 
were the long-term cytolytic T-lymphocyte line MJ. MAb indicates monoclonal 
antibody. 

TMAbs were used at the following concentrations: IgG2a, intact, 
500 ng/mL; (F(ab)'2 + Fab, 1 pg/mL. Purified Fc fragments were used at an 
estimated fivefold excess of the IgG2a MAb. 


Anti-CD3 


Membrane-Bound Anti-CD3 MAb Required for 
Tumor Lysis 


Because the same CTL line was used for all tumor cells, 
the variability of anti-CD3 MAb-triggered lysis suggested 
an important difference in the anti-CD3 MAb interaction 
with the tumor cells. A possible explanation was the 
difference in the surface expression of Fc receptors capable 
of binding the anti-CD3 MAb. The K562, Daudi, and most 
B-lymphoblastoid cell lines are known to express Fc recep- 
tors for immunoglobulins. In contrast, the cell lines RD, 
L-cell, and MD26 do not express Fc receptors. To investi- 
gate differences in MAb binding, the K562, RD, L-cell, 
and MD26 cell lines were treated with anti-CD3 MAb, 
washed, and stained with fluorescent anti-IgG antibody. 
Detectable surface-bound IgG was found only on K562 and 
not on the other three cell lines (Fig 2). When all cell lines 
were tested, surface binding of the anti-CD3 MAb gener- 
ally correlated with sensitivity to CTL-mediated cytolysis 

To confirm the importance of the Fc receptor in ant 
CD3-triggered cytolysis, the intact IgG2a was cleaved in 
Fab and Fe fragments. The cleaved anti-CD3 MAb w 
purified with multiple passes over a protein A-sephar 
column to remove the intact IgG. When all of the in 
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Table 3.—Inhibition of Membrane-Bound Anti-CD3- 
Stimulated Cytolysis by Soluble MAb* 






Soluble 
MAbt % Lysis 


"ae 
LOS — — Ao 04 


_ *The fibroblast L-cell tumor line was used as a target cell in a standard 
four-hour chromium 51 release assay at 37°C. Effectors were the long-term 
olytic T-lymphocyte line MJ. Effector-to-target ratios were 12:1. MAb 
indicates monoclonal antibody. 

TAnti-CD3 MAb was cross-linked to the L-cell membrane using the 

N-succinimidyl-6(4'-azido-2'-nitrophenyl-amino) hexanoate cross-linker. 
 Anti-CD3 MAb at a concentration of 1 g/mL was cross-linked to the L cells 

as documented by indirect immunofluorescence. 

Soluble anti-CD3 MAb was added to the appropriate wells at a concen- 

i tration of 1 pg/mL. 





Membrane-Bound 
MAbt 









IgG was removed, the purified Fab and F(ab)'2 fragments 
did not stimulate CTL-mediated cytolysis at concentrations 
up to 1 pg/mL (Table 2). Furthermore, the purified Fc 
fragments inhibited cytolysis of the intact anti-CD3 MAb. 
Thus, Fe receptor binding of the intact anti-CD3 MAb 
appeared to be required for efficient CTL-mediated cytol- 
ysis. 


Anti-CD3 MAb Covalently Cross-linked 
to the Lipid Membrane 


To test the possibility that membrane-bound anti-CD3 
MAb was required for CTL-mediated cytolysis, we inves- 
tigated alternative methods of MAb attachment to the cell 
‘surface. The most direct method was covalent cross-linking 
of the anti-CD3 MAb to the tumor cell surface. The 
heterobifunctional cross-linker SANPAH was used to 
cross-link the anti-CD3 MAb to the tumor cell surface. At 
range of concentrations, membrane-bound anti-CD3 MAb 
‘triggered CTL-mediated cytolysis of the human tumor cell 
lines (Table 3). The specificity of this interaction was 
demonstrated by soluble anti-CD3 MAb. The presence of 
soluble anti-CD3 MAb completely inhibited cytolysis of 
the human tumor cell lines (Table 3). These data confirmed 
that it was the membrane-bound anti-CD3 MAb that 
triggered CTL-mediated tumor lysis. 


Anti-CD3 MAb-Lipid Transfer 
Into Tumor Cell Membranes 


. Membrane phospholipids have been used in the delivery 
of a variety of therapeutic agents. To use lipid molecules 
to transfer MAb to the tumor cell surface, we cross-linked 
anti-CD3 MAb to phosphatidylethanolamine with a rela- 
tively short hydrophobic region (C:14). The anti-CD3-lipid 
molecules were incubated at 37°C and dispersed with brief 
sonication. Multiple experiments using indirect immunoflu- 
orescence analysis demonstrated that incubation at 37°C 
resulted in transfer of the anti-CD3 MAb-lipid into the 
tumor cell membrane. The insertion was accelerated with 
the addition of small amounts of detergent. The expression 
of anti-CD3 MAb on the tumor cell surface was associated 
with high levels of CTL-mediated lysis (Table 4). Even at 
cim concentrations too low to be detected by immunoflu- 

rescence, high levels of cytolysis were observed (data not 
shown). The efficiency of anti-CD3 MAb-lipid insertion 
indicates that the technique may be important for the 
study of CTL regulatory molecules as well as for the 
treatment of human tumors. 
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Table 4.—Lysis After Anti-CD3 MAb-Lipid Insertion 
Into the Tumor Cell Membrane* 
% Lysist 
Sc. S 
Experiment Target Cell No Pretreatment Anti-CD3 MAb-Lipid 





*Lysis of the tumor cell lines was determined in a standard four-hour 
chromium 51 release assay at 37°C. The effector cells were the long-term 
cytolytic T-lymphocyte line MJ. The effector-to-target ratios were 25:1. MAb 
indicates monoclonal antibody. 

TAnti-CD3 MAb cross-linked to phosphatidyl ethanolamine were incubated 
with the target cells as described in "Materials and Methods." Target cells 
that were not pretreated were labeled and washed in parallel with pretreated 
targets. 


$1113 
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Fig 3.— Schematic diagram of monoclonal antibody (MAb)-lipid 
insertion into tumor cell membrane. Top, Cross-linked MAb-lipid 
could exist in solution as lipid vesicles. Insertion of MAb-ligand into 
tumor cell would require fusion of vesicle with cell membrane. 
Bottom, Alternatively, cross-linked MAb-lipid couid exist in solution 
as monomers or small micelles. Monomeric MAb-lipid would most 
likely insert directly into cell membrane. 


COMMENT 


Human CTLs are potent effector mechanisms for the 
destruction of human tumor cells. The CTLs can trigger 
the discharge of the lytic mechanism within minutes of 
contact with a tumor cell.‘ Once the lethal hit has been 
delivered, the CTL can detach from the lysed tumor cell 
and kill repeatedly In addition to performing efficient 
lysis, CTLs undergo active cell division after stimulation. 
Recent attempts to utilize these CTL properties against 
human tumors has been limited by the inability to trigger 
lysis. In this study, we investigated a method of bypassing 
the ASR and triggering the killing of tumor cells using 
anti-CD3 MAb. For all tumor cell lines tested, membrane- 
bound anti-CD3 MAb was able to trigger CTL-mediated 
tumor lysis effectively. 
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An important observation was the finding that mem- 
brane-bound anti-CD3 MAb stimulated CTL-mediated cy- 
tolysis and soluble anti-CD3 MAb blocked target cell lysis. 
The difference between the membrane-bound and soluble 
antibody suggests an explanation for the observation that 
the anti-CD3 MAb OKT3 is an effective antirejection 
treatment in human transplantation. The OKT3 is typi- 
cally given intravenously as soluble antibody. The soluble 
OKT3 appears to inhibit CT L-mediated acute rejection by 
a mechanism similar to that observed in vitro. By cross- 
linking anti-CD3 MAb to the tumor cell surface or by 
inserting anti-CD3 MAb-lipid into the tumor cell mem- 
brane, we avoided this inhibitory effect. Once linked to the 
membrane, anti-CD3 MAb did not inhibit; rather, it trig- 
gered efficient lysis of the target cell. The dependence of 
CTL-mediated tumor lysis on membrane-bound anti-CD3 
MAb was demonstrated with the addition of soluble anti- 
CD3 MAb. Soluble anti-CD3 MAb completely inhibited the 
killing of the MAb-bearing tumor cell. Thus, the clinical 
observation that soluble anti-CD3 MAb inhibits transplant 
rejection supports the experiment distinction between 
soluble and membrane-bound MAb. 

In addition to its clinical implications, the requirement 
for membrane-bound anti-CD3 MAb provides insights in 
the regulation of human CTL activation. The present work 
suggests that a functional receptor-ligand interaction with 
the CD3 complex can effectively trigger CTL activation. 
Anti-CD3 MAbs are effective in triggering the CD3 com- 
plex because the MAb is a high-affinity ligand. The divalent 
structure of the MAb also significantly increases the target 
cell avidity for the CD3 antigen. It is possible that mem- 
brane-bound MAb is required to trigger human CTL 
because the MAb induces aggregation of the corresponding 
CD3-ASR complex. Clustering or microaggregation of the 
CD3 complex on the CTL may be an important first signal 
in activation.* Clustering of membrane receptors appears 
to be a common mechanism for triggering intracellular 
activation in other receptor systems.* 

Anti-CD3 MAb on the tumor cell surface can have 
multiple effects in addition to target cell lysis. Anti-CD3 
can activate not only cytolytic T cells but helper T cells as 
well. Activated T cells progress through the cell cycle and 







give rise to clonal progeny.** Anti-CD3 MAb has also been 
shown to trigger the production of a variety of lymphokines, 
including interferon-gamma% and interleukin 2.? In most 
circumstances, these T-cell products stimulate an inflam- 
matory response and may lead to the cells and factors 
necessary for the generation of tumor-specific CTLs. Thus, ' 
it is possible that anti-CD3 MAb may provide the T-cell 
stimulus necessary for the generation of an active tumor- # 
specific immune response. 

Lipids have been advocated as an efficient delivery. 
system for a variety of biologically active substances’ 
Liposomes, for example, have been used to deliver che- 
motherapeutic agents, nonspecific immune stimulants, and 
deficient enzymes. Lipids are an attractive vehicle 
because they are naturally occurring molecules that dem- 
onstrate a variety of biophysical properties that can be 
altered to facilitate in vivo delivery. The MAb-lipid mole- 
cules used in this study may have been present in vesicle 
form (Fig 3, top), as soluble monomers (Fig 3, bottom), or 
both. Varying the length of the hydrophobic region of the 
phospholipid molecule (carbon tail) is a potential method 
of altering its soluble form and changing the efficiency 
with which the MAb-lipid inserts into the tumor cell 
membrane. These studies are currently under way. The j 
stability of the inserted MAb-lipid suggests that incorpo- * 
ration into the cell membrane is the energetically favorable 
state of the MAb-lipid molecule. Because of this stability, 
the technique may be useful in the study of a variety of 
other cell-surface molecules involved in cell-cell interac- 
tions. 

Although the cross-linking of anti-CD3 MAb to phosphat- 
idylethanolamine has been successful, other techniques of _ 
delivering anti-CD3 MAb to the tumor cell surface are also — 
being developed. Several groups have recently shown that - 
heteroantibodies® or antibody conjugates? can attach anti- * 
CD38 MAb to the tumor cell surface. Future work may. 
utilize a combination of these approaches for the most 
efficient method of triggering human CTL-mediated T 






lysis in vivo. 


This study was supported by grants CA 34129, CA 09280, and AI20775 
from the National Institutes of Health, Bethesda, Md. , 
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JO Benjamin Kim, Cleveland: You have presented an elegant set 
_ of experiments. My question is directed toward the requirement 
f for cytolytic T cells. Are these classic antigen-specific CTLs, and 
be ean other CTLs, derived by allogeneic, lectin, or lymphokine 
- activation, function equally well? 
d A Dr Mentzer: One of the virtues of this approach is that CTL 
-reactivity is completely antigen independent. The CTLs used in 
_ these experiments were all allospecific CTL lines, but any 
. CD3-bearing cytolytic cell is potentially capable of being triggered 
_ to kill tumor cells. We are totally bypassing the specificity of the 
_ OTL by creating a ligand to the CD3 complex. Therefore, it is not 


i .a requirement that the CTL be antigen specific. Antigen-inde- 
' pendent triggering has advantages and disadvantages. The advan- 
*- tage is that we can trigger tumor cell killing by any CTL. The 
lisadvantage is that antigen-independent triggering may result 
“a the clonal expansion of cells that may not be cytolytic or are 


lytic to unknown antigens. 

Would it be possible to use another approach to attach the 
-nti-T3 antibody to the tumor cells? This could be necessary since 
Vat might be difficult to selectively attach your lipid-modified 
. antibody to tumor cells. 

A Dr Mentzer: That is a good question. The direct application of 
. this technique may be difficult in vivo. What we are finding is that 
xc . the CD2 molecule, the CD3 molecule, and several other CTL 
us "molecules require membrane-bound ligands. In these experi- 
A. ments, we are looking at a way of triggering CTLs or regulating 
ee ETL function in vitro by artificially creating a membrane-bound 
d. We developed the technique of inserting a CD3 ligand into 

.he target cell membrane as a prototype for examining receptor- 
(dani cell-cell interactions. At present, this is primarily an in 
- ritro technique. Other methods of delivering antibody to the 
amor cell surface, such as heteroantibodies consisting of an anti- 
ee oD3 antibody cross-linked to an antibody reactive with tumor 
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Discussion 


cells, may have more promise for in vivo application. 

Q Is it possible in vivo to expand CTLs just by immunization, 
for example, with OKT3? You can stimulate with OKT3 monoclonal 
at least for expansion of T cells and in vitro at least to stimulate. 
One wonders if one can expand CTLs just by a simple immunization 
with that monoclone. 

A Dr Mentzer: The in vivo use of OKT3 has been used in 
transplantation. It is an apparent paradox that OKT3 blocks 


transplant rejection when it is delivered intravenously as soluble — 


antibody, whereas in these in vitro experiments it triggers killing. 


I think the answer is that the antibody needs to be membrane © 


bound to trigger CTL. If the antibody is in soluble form, the anti- 
CD3 antibody may block the antigen recognition complex and 
prevent the receptor-ligand interaction required for lysis. The 
actual in vivo activity of the anti-CD3 monoclonal antibody is most 
likely very complicated and difficult to predict. 

Q Inother words, it is an opposite effect of what one might have 
initially thought. I think the explanation is that it has to be 
membrane bound to trigger CTLs. Are CTLs in general thought 
to be specific? Is there always a specific interaction, or are these 
another form of natural killer cells? 

A Dr Mentzer: I think a reasonable definition of a CTL is that it 
is CD3 positive, usually CD8 positive, has antigen-specific lytic 
function, and demonstrates antigen-specific memory. 

Q Edward D. Holyoke, MD, Eggertsville, NY: The Society of 
Surgical Oncology every year solicits manuseripts for the best 
work in clinical scientific research and basic scientific research by 
a house officer in the United States. It is a privilege at this time 
to present this award for the best basic science paper to Dr 
Mentzer. Dr Mentzer’s paper was a pleasure to read. 

A Dr Mentzer: I would just like to thank the members of the 
Society. It has been a privilege to attend this meeting and have 
the opportunity to present our work. 
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Correspondence and Brief Communications 


Tissue Injury Caused by Dakin’s 
Solution 


To the Editor. —In their article in the 
April 1988 issue of the ARCHIVES, 
Kozol et al cite an earlier study by me 
and my colleagues.? Their discussion, 
however, misinterprets two points in 
our article and makes the differences 
in our findings appear greater than 
they are. 

First, Kozol et al state that our 
study “was based on the trypan blue 
exclusion test for cell viability." In fact, 
we used cell survival in culture as our 
viability assay?? and found trypan blue 
staining to be a relatively insensitive 
indicator of cell damage, as Kozol 
et al found when they compared try- 
pan blue staining with electron mi- 
croscopy. The second error occurs 
when Kozol et al state that we “sug- 
gest that at lower concentrations 
(5x10-2%) of Dakins solution, cul- 
tured fibroblasts are not killed.” In our 
study, we found intact fibroblast via- 
bility at 0.5 10-2%, or 5x10°*%, a 
concentration close to where Kozol 
et al noted cellular damage without 
frank cellular destruction. 

I raise these points to emphasize 
that, despite these misinterpretations 
and different methodology, the find- 
ings of Kozol et al fundamentally agree 
with ours by documenting tissue in- 
jury caused by Dakin’s solution at 
much lower concentrations than are 
usually employed clinically. This ac- 
cumulation of independently derived 
evidence makes the clinical use of 
Dakin’s solution increasingly untena- 
ble and reemphasizes the need to sys- 
tematically analyze the effects of top- 
ical agents before they are accepted in 
one’s clinical practice. 

WILLIAM C. LinEAWEAVER, MD 
San Francisco 
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Total Gastrectomy and Survival 


To the Editor. — We would like to com- 
ment on the recent article by Shiu and 
coworkers.’ 

Multivariate analysis is a powerful 
tool in the evaluation of retrospective 
data in a field where prospective stud- 
ies have not been undertaken, and this 
article should therefore be welcomed. 
We have, however, doubts whether 
total gastrectomy per se has an ad- 
verse influence on survival, as the 
authors contend. We suspect that sig- 
nificant variables not considered in 
this series are masked by the risk 
factor “total gastrectomy” in the Cox 
model. The inclusion of “tumor size” 
in the multivariate analysis is not suf- 
ficient proof for the independence of 
“total gastrectomy.” 

In the final Cox model (Table 4), no 
variables show up that represent the 
extent of the tumor as "tumor size" or 
TNM stage. These variables correlate 
highly with “total gastrectomy," ren- 
dering the question unsolved whether 
total gastrectomy or rather the more 
advanced tumor stage accounts for the 
worst prognosis. We still believe that 
the latter is the case. 

The authors say that eight factors 
emerged from the univariate analyses. 
In the “Multivariate Analysis of Prog- 
nostic Factors” section, however, they 
state that “Of the seven [emphasis 
added] clinical and pathologic factors 
identified by the univariate analyses, 
only two emerged.” Which of the orig- 
inal eight factors was not considered 
in the multivariate analysis? If it was 
“tumor size,” then “total gastrec- 
tomy” is certainly an expression of 
larger tumors than a bad prognostic 
factor itself. 

Unfortunately, the gross margin of 
resection was not recorded, which is 
substantial at least in diffuse histo- 
logic types. As several studies have 
shown,?* only a macroscopic margin of 
resection of at least 5 cm in the fixed 
specimen can be considered safe in 
gastric carcinoma. The uneven growth 
at the margin of diffuse-type cancers 
renders incomplete resection a realis- 





tie danger, even in histologically cu- 
rative resections. In a population 
where total gastrectomy is only per- 
formed out of necessity, this procedure 
will be associated with larger tumors 
and probably will result in a larger 
share of microscopically detected and 
undetected incomplete removal. The 
analysis should have considered the! 
resection margins, although we under- 
stand that incomplete retrospective! 
data could have precluded this. It is 
our contention that any conclusions 
regarding the impact of total gastrec- 
tomy from this study are premature 
and unfortunately do not contribute 
to the ongoing debate on principal 
gastrectomy for all patients with gas- 
tric cancer. 

JoHANNES Mingoric, MD 

WALTER KrEPETKO, MD 

Vienna 
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In Reply.—We thank Drs Miholic an 
Klepetko for their thoughtful con 
ments on this difficult problem. Tab! 
4 shows only independent prognost 
variables (including total gastre 
tomy) that were identified by stat. 
tical analysis using the Cox mode 
None of the other variables, such : 
tumor size, appears in the table b 
cause they were rejected as insigni: 
cant by the model, after considerati 
of those variables found to be indep 

dently predictive of death for j 
population of patients. In perform 


ü 











ur Cox model analysis, we did use all 
_ of the covariate pairs listed in Table 1, 
including tumor size and TNM stage. 
rs Miholic and Klepetko will find this 


_4. Thus, all eight clinical and patho- 
_/ logie factors identified as significant 
_ by univariate analysis were entered 
|... into the model, as were all other vari- 

. ables not so identified. The word seven 
353 was an error in our manuscript; we 
; E apologize to Drs Miholic and Klepetko 
Y = and to other readers for having possi- 

bly confused them. 

LA Drs Miholic and Klepetko correctly 
"d point out that we may have missed 
— other important variables not consid- 
—— ered in our Cox model analysis, such 
$ as the width of the microscopic margin 
i f resection, which was not included 
| because it was not measured and re- 

- corded in a consistent manner, except 
\ for transections involving the esoph- 

| agus. 
' © Weagree with Drs Miholic and Kle- 
, . petko that any conclusion on the ad- 
| EN verse influence of total gastrectomy 
| based on a retrospective study such as 
d ours cannot be accepted as the final 
- word. Few would argue about total 
=- gastrectomy for bulky tumors, but we 
= are now seeing more patients with 
. smaller tumors and must question the 
E benefit of elective or de principe total 














ee = gastrectomy for these patients. As we 
___ stated near the end of our article, this 
1 . concept "needs reconsideration in the 
- light of observations made in this 
E . study.” Carefully planned prospective 
e 

Py 






. Studies must be carried out to answer 
these questions. 


ET Man H. Suiv, MD 

iP JAMES GoDBOLD, PuD 

i Murray F. BRENNAN, MD 
: i New York 
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| Severe Intra-abdominal Sepsis 
| and Open Management 


. To the Editor — We read with interest 
$ the article by Garcia-Sabrido et al' in 
the February 1988 issue of the Ar- 
- CHIVES on the “open-abdomen” man- 
! agement of severe intra-abdominal sep- 
' sis, and we agree, in principle, with 
- their philosophy. We wish to refer to 
the “Discussion” section that follows 
their article. 
. Dr Egmund alludes to our “sandwich 
-chnique"* but mistakenly mentions 
1e use of a lap pad. In fact, the tech- 
ique involves the placement of a poly- 
ropylene mesh (Marlex) to prevent 


; in addition, 
pe (op-site) covers the defect and a 


ide margin of surrounding skin, and 
ction-irrigation tubes are interposed 
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between the Marlex mesh and the op- 
site. 

The use of a Marlex mesh has consid- 
erably simplified the management of 
the open abdomen? by preventing evis- 
ceration and decreasing the incidence 
of "spontaneous" bowel fistulas all too 
often seen when gauze packs are di- 
rectly applied onto the bowel. The zip- 
per is a gimmick that may facilitate 
frequent reexplorations. We have found* 
the op-site sheet covering the Marlex 
mesh and the surrounding skin most 
useful in the presence of the large fluid 
losses (bile, intestinal content, inflam- 
matory exudate, purulent material) of- 
ten taking place through the porous 
Marlex mesh. These fluids can be 
sucked out through the tubes contained 
in the “sandwich” and accurately meas- 
ured. The skin is protected from exco- 
riation. Finally the patient and his 
bedding remain dry to the great delight 
of the nursing staff. 

MosHE ScHEIN, FCS(SA) 
RoGER Saapia, FRCS 
Department of Surgery 
University of the Witwatersrand 
York Rd, 2193 Parktown 
Johannesburg, South Africa 

1. Garcia-Sabrido JJ, Tallado JM, Christou NV, 
et al: Treatment of severe intra-abdominal sepsis 
and/or necrotic foci by an ‘open-abdomen’ ap- 
proach: Zipper and zipper-mesh techniques. Arch 
Surg 1988;123:152-156. 

2. Schein M, Saadia R, Jamieson JR, et al: The 
‘sandwich technique’ in the management of the 
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3. Schein M, Saadia R, Decker GAG: The open 
management of the septic abdomen. Surg Gyne- 
col Obstet 1986;163:587-592. 

4. Schein M, Saadia R, Freinkel Z, et al: 


Aggressive treatment of severe diffuse peritoni- 
tis: A prospective study. Br J Swrg 1988;75:173- 
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Mortality in Acute Renal Failure 


To the Editor.—We read with interest 
the article by Shen and Zhang in the 
October 1987 issue of the ARCHIVES. 
Indeed the mortality of acute renal 
failure (ARF) remains high despite all 
the diagnostic and therapeutic ad- 
vances of the last three decades. Sep- 
sis and cardiovascular and pulmonary 
complications are poor prognostic in- 
dicators, and pulmonary involvement 
probably has the single most adverse 
prognostic influence on survival. Ad- 
vanced age is believed to be a risk 
factor by some and not by others. 
Review of six recent reports?’ dealing 
with ARF shows a mortality of 51.5%. 

We dialyzed 26 patients with ARF 
(excluding those with prerenal azote- 
mia and hepatorenal syndrome) be- 
tween Oct 1, 1986, and April 1, 1988. 
The overall mortality was 42.7%, and 
the most common causes of death were 
pneumonia, septicemia, heart failure, 


and coronary artery disease. Death 
occurred primarily in those patients 
who had cardiac, respiratory, and he- 
patic failure. 

Interestingly, not one of our patients 
died because of ARF and its antici- 
pated metabolic derangements, ie, 
overhydration, hyperkalemia, acido- 
sis, pericarditis, and gastrointestinal 
bleeding. These patients died not of 
ARF but with ARF. As more and more 
debilitated and elderly people survive 
and more complex and sophisticated 
surgical and medical treatments are 
utilized, ARF is sure to be seen more 
frequently Considering the circum- 
stances in which ARF occurs, we 
doubt there will be any tangible im- 
provement in the survival of affected 
patients in the coming years. 

S. A. Sapsapr, MD 
R. M. SHan, MD 
Wilkes-Barre, Pa 

1. Shen P, Zhang S: Acute renal failure and 
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Phenoxybenzamine and 
Urinary Retention 


To the Editor —Phenoxybenzamine 
hydrochloride is an extremely useful 
drug to facilitate the passage of urine 
in patients with bladder neck prob- 
lems. Goldman et al! demonstrated its 
usefulness in preventing urinary re- 
tention and also in treating urinary 
retention after surgery in patients 
who have difficulty. 

I want to emphasize that phenoxy- 
benzamine is an extremely potent and 
long-acting medication. The risk of 
orthostatic hypotension is considera- 
ble, and, in Goldman and colleagues’ 
experience, four of 62 patients were 
excluded from the study group be- 
cause of this complication. I have seen 
many patients with the side effect of 
orthostatic hypotension from this 
medication, and I think the use of this 
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medication in elderly patients is risky 
at best. If elderly patients are hospi- 
talized in a controlled situation and 
the nursing staff is aware of the pos- 
sibility of orthostatic hypotension, use 
of the drug is less risky. Individuals 
with coronary artery disease and 
those who take cardiac medications, 
particularly B-blockers and calcium 
channel blockers, are at a special risk. 
Also, individuals who are sensitive to 
a-adrenergic blocking medication who 
are given phenoxybenzamine hydro- 
chloride before surgery provide a very 
interesting exercise for their anesthe- 
siologists, who have to rescue them 
from precipitous hypotension. 

I would restrict Goldman and col- 
leagues’ recommendation for the use 
of phenoxybenzamine hydrochloride 
to carefully selected patients preop- 
eratively and to those who have post- 
operative urinary retention, with the 
understanding that there is a danger 
of orthostatic hypotension. This risk 
is particularly significant in the liti- 
gious environment in which we all 
must practice. 

Davin J. Conrer, MD 
Tulsa, Okla 

1. Goldman G, Leviav A, Mazor A, et al: 

a-Adrenergic blocker for posthernioplasty uri- 


nary retention: Prevention and treatment. Arch 
Surg 1988;123:35-36. 


APACHE II Score in 
Abdominal Sepsis 


To the Editor —I read with interest 
the recent article by Bohnen et al' that 
represents the first published pro- 
spective effort to validate the pre- 
treatment APACHE II score in ab- 
dominal sepsis. 

During the past 18 months we have 
been conducting a prospective study 
examining the value of intraoperative 
peritoneal lavage with saline solution 
and antibiotics in the treatment of 
abdominal infections. The APACHE 
II score is prospectively measured in 
all patients in an attempt to facilitate 
their stratification. All patients ad- 
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mitted to the study are treated by one 
surgeon in one surgical unit. All var- 
iables of the APACHE II score are 
measured before operation and en- 
tered on a study data sheet. The score 
is calculated by one observer (M.S.). 
Only patients undergoing formal lap- 
arotomy are considered; appendiceal 
infections are included only if the pa- 
tient requires a midline laparotomy. 
Patients with diffuse peritonitis from 
colonic sources or from operative com- 
plications and pancreatitis-related in- 
fections are managed with planned 
repeated laparotomies supplemented 
when necessary by “open manage- 
ment” and are thus excluded from this 
study.” 

Fifty-two patients have entered the 
study to date (male-female ratio, 1:1; 
mean age, 49.2 years). The overall 
mortality has been 17.3%. The sources 
of infection and numbers of patients 
(with the percent mortality in paren- 
theses), as confirmed by bacteriologic 
studies in 90% of cases, are as follows: 
stomach, 14 patients (14%); small 
bowel, 13 (7.7%); duodenum, 11 (9%); 
hepatobiliary system, five (20%); ap- 
pendix, three (66%); and genitalia, 
two (0%). The mean APACHE II score 
was 7.8, with mean scores 5.8 in the 
survivors and 16.7 in the patients who 
died. 

Critical examination of our results 
disclosed some practical points con- 
cerning the daily use of the APACHE 
II scoring system. The distribution 
diagram of scores and associated mor- 
tality resembles that shown in Fig 2 
in the article by Bohnen et al’; three 
main “score zones" are noted. Zone 1, 
for scores of 0 to 10, included 36 
patients with one death (2.796) caused 
by aspiration in a patient whose score 
was 3. Zone 2, for scores of 11 to 23, 
included 13 patients with a mortality 
of 40%. Zone 3, for scores of 24 and 
higher, was represented by three pa- 
tients who all died. Only three of the 
nine deaths could be directly attrib- 
uted to the abdominal infection; one 
death was caused by a preventable 


disaster (aspiration) and the rest were 
due to "medical" causes such as 
pneumonia or cardiac failure. The 
APACHE II score takes into account 
the physiologie reserve, long-term 
health status, and age of the patients. 
It is therefore obvious that high scores 
indicate not only increased risk of 
dying of the acute illness (abdominal 
infection) but also of associated medi- 
eal illnesses. Abdominal infection of 
an appendiceal origin is usually de- 
scribed as benign (none of Bohnen and 
colleagues’ 15 patients died). Two of 
our patients who underwent laparot- 
omy for perforated appendicitis died 
(both scored had scores of 16). Thus, 
the prognosis of.acute appendicitis in 
a patient presenting with a high score 
is not necessarily favorable. 

Does the use of routine preoperative 
APACHE II scoring help me in the 
management of my patients? Yes. j 
When the resident telephones at night, 
asking what to do with an elderly man 
who is suffering from chronic obstruc- 
tive pulmonary disease and angina 
pectoris and who presented with a 
perforated gastric ulcer on the greater 
curve, I ask him about the patient's 
APACHE II score. If it is below 10, I 
recommend a definitive procedure 
(gastrectomy) knowing that this pa- 
tient will survive it; if the score is 
between 11 and 20 or 25, I suggest 
simple oversew (if technically possi- 
ble) and expect a substantial risk of 
morbidity and mortality. In the patient 
with a seore higher than 20 or 25 I 
recommend the simplest and fastest 
procedure. In addition, I state that 
this patient's chances are very poor 
but we must carry on aggressively, 
because “one never knows, he may 
well survive!" 

Mose Scuein, MD FCS(SA) 
Johannesburg, South Africa 

1. Bohnen JMA, Mustard RA, Oxholm SE, 4 
et al: APACHE II score and abdominal sepsis: A 
prospective study. Arch Surg 1988;123:225-229. 

2. Schein M, Saadia R, Freinkel Z, et al: 
Aggressive treatment of severe diffuse peritoni- 
tis: A prospective study. Br J Surg 1988;75:118- 
176. 
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due to indicated organisms 


(cefotetan disodium) 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 


) mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 


rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
pom ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus: (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, B thetaiotaomicron), Fusobacterium species, and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species). 

Intra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae:), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.* 

“NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
Clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
UN A contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require — and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
pu antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
arrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipo! resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by er Sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 


Cen of alcoholic beverages following the administration of CEFOTAN. 


UG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 


Or carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
~herapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 


tics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
hat imo may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
JRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

"ith Benedict's or Fehling's solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
—rum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
'"gatinine reported. 

ARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 

:mals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
notetan was found in standard laboratory tests. 

Sefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 

) mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 


In intra-abdominal and gynecologic infection 


. Doesso much for so much less than cefoxitin 


CEFOTAN* (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent. at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 i ty ae IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this d should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution shoulc be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 

(1 in 200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300) 

Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 

Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

DOSAGE AND ADMINISTRATION 

TREATMENT. The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


"Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 


WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 


mL/min Dose Frequency 
»30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 


"Dose determined by the type and severity of infection, and Susceptibility of the causative organism 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 

HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. he vials 
should not be stored at temperatures above 22°C and should be protected from light 

1gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 

(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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